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In the field of electronics there is a confusing variety of test 
and measuring equipment, each unit designed for a specific 
purpose. However, the majority of equipment tests can be 
performed with the three insturments discussed in this book. 
Regardless of your interest in electronics—technician, ham, 
experimenter, hobbyist—the information in these pages pro- 
vides a handy reference guide to the use and function of these 
instruments. 

While there has been much information published on such 
equipment, this book is intended to serve as a basic volume 
on all three units, eliminating the necessity of going from one 
book to another for the needed information. 

The material is arranged in three parts, each devoted en- 
tirely toa single instrument. Part I deals with the volt-ohm- 
milliameter, more frequently called a VOM or multitester. 
With the information given, an individual with only a meager 
understanding of electronics can learn to make tests and how 
to read various meter scales. PartIItellshow a VTVM works 
and how to use it. Part II] completely describes the oscillo- 
scope and its applications. K 

If you are a hobbyist or experimenter, the first chapter of 
each part will be of vital interest; each instrument is de- 
scribedin detail, including extensive how-it-works informa- 
tion and illustrations. (Even old pros might find these chap- 
tersrefreshing!) The second chapter in each part is devoted 
XK to the use of each unit, suggesting basic as well as unique ap- 
plications in various phases of electronics. For trouble- 
shooting techniques, the third chapter in each part deals with 
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CAUTION 


WIRE INSIDE THIS METER 


servicing, including troubleshooting charts that list the more 
common causes of equipment malfunction and failure. 

Whether your interest is in professional servicing and main- 

x tenance, amateur radio, or if electronics is simply your 

hobby, this book will serve as a handy reference guide. 4 


Martin Clifford 


March 1968 x x 
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CHAPTER 1 


De 
How a VOM Works 
x 


Of all the electronic test instruments used by technicians, 
engineers, and others who work with electronic equipment, 
The volt-ohm-milliammeter is probably the most common. 
There is good reason for this. The instrument—commonly 
referred to as a multimeter, multitester, volt-ohmmeter, 
or just plain VOM—can be used to measure a wide range of 
resistances, voltages, and currents. VOMSs are battery 
powered, and therefore are readily portable since they are 
free from both a line cord and a power outlet. VOMs are 
generally inexpensive and can be purchased in kit form or as 
complete units. Some VOMs are extremely sensitive, with 
input impedance ratings of up to 100,000 ohms-per-volt. The 
instrumentis sturdy and reliable, and it can be used for ser- 
vicing any kind of electronic and electrical equipment. 
Having a VOM is one thing—being able to use it properly is 
another. The VOM is so simple that even inexperienced per- 
sons often are able to make some measurements with it, but 
in the hands of someone who is familiar with the instrument, 
it can be made to reveal anastonishing amount of information. 
This Chapter explains in simple terns how the VOM works. 
Once you can read the scales and know how to use the instru- 
ment, you will be able to go far beyond the suggestions con- 


tained in this book. me 


Meter Movement 


The heart of every VOM is a current-sensitive device known 
as a d'Arsonval movement (also called a moving-coil meter 
or a galvanometer). This type of meter movement is anelec- 
tromagnetic device which serves as the basic indicator for all 
measurements. The basic structure of the d’Arsonval meter 
ic shown in Fig. 1-1. A coil of wire, wound on an iron core, 
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is mounted between the poles of a permanent magnet. This 

coil is pivoted so it is free to rotate. Mounted on the coil is 

a meter needle or pointer whichturns with the coil. A spring 
fastened to one end of the coil holds it in place, keeping it ra 
from spinning on its pivot. A scale is placed beneath the 
arrowhead of the pointer, which is normally positioned atthe 

zero mark on the left-hand end of the scale when the instru- 

me nt is not in use. X 


When direct current (DC) flows through the coil it becomes 
an electromagnet. The force betweenthe poles of the electro- 
magnet andofthe permanent magnetis strong enough to over- 


come the restraining action of the spring, producing some 
rotation of the coil. The amount of coil movement depends on 
the number ofturns in the coil, the amount of current flowing 
through it, andthetype of core. As youcan see, the d'Arson- 
val meter is a current-operated device. Its action depends on v4 
an electrical current flowing through the coil. However, the 
scale beneath the pointer is marked not only in terms ofcur- 
rent, butin resistance and voltage as well. Although the basic 
meter is a DC instrument, requiring a direct current input, 
it can be used to measure alternating current and voltage 
(AC) by using a rectifier circuit input. 


The coil itself is wound on a light-weight, rectangular 
aluminum frame knowasa" bobbin." Thegreater the number 
of turns the coil has, the more sensitive it will be to small 
currents. But the more turns of wire the moving coil has, 
the greater will be its resistance. That is why extremely 
sensitive meters have a highinternal resistance. Mounted on 
the bobbin with the coil are a pair of springs and two pivots. 

The springs serve a double purpose. They bring the meter 
pointer back to zero when no current is flowing through the xX 
coil, and they provide the electrical connections to the coil. 
Pivots mounted in bearings at the top and bottom of the coil 

(Fig. 1-2) enable the coil to rotate. Of course, there is a 
certain amount of friction here, but the greater the coil re- 
sistance (the more turns it has) the more responsive it will 

be to small currents. 

One of the problems in the design of the VOM is that the 
meter must be usable in any position, vertical or horizontal. 
Although the meter pointer is extremely light, its weight must 
be counter-balanced, as shown in Fig. 1-2; otherwise, ap 
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pointer would tend to rest onthe scale when the meter was 
placed in a horizontal position. 
The greater the strength of the electromagnetic field created 


by the coil when it has a current flowing throughit, the more 
sensitive the instrument will be. Thus, an iron core such as 
shown in Fig. 1-3 is employed. This iron core remains fixed 
and the coil bobbin rotates around it. For the sake of clarity 
the pole pieces of the permanent magnet are not shown. These 
are curved pieces of magnetic metal which fit around the in- 
side of the permanent magnet, practically surrounding the bob- 
bin or moving coil. Thus, the moving coil rotatesin the mag - 
netic field ofthe permanent magnet no matter what its position 
may be. Also omitted are the counterweights which mount on 


X 


X 


cross arms on the lower end of the pointer. 3 anchy So- 


Meter Scales a 9 A = ) G 


The VOM is amultipurpose instrument, designedto measure 
a variety of voltages and currents, both AC and DC, in addi- 
tion to resistance. Thus, its scales and switching arrange- 
ments are sometimes confusing. The scales are often printed 
in two colors—blackfor DC resistance and decibel measure- 
ments, red for AC. A typical VOM may have one scale for 
resistance measurements, three scales for DC measure- 
rents, another three for AC measurements, and one scale 
for decibels. Furthermore, these scales will be of different 
types—linear, nonlinear, and logarithmic. As you can see, 
it is not only important to know which scale to read, but how 
to read it. 

Let's start with alinear scale, since this is the easiest type 
to read. Fig. 1-4 shows three examples of linear scales. 
Notice that each ofthese ends with a different number and that 
the divisions on eachofthe scales is different. The first step 
in reading one of these scales is to take a look at the last 
number, which represents full-scale deflection of the meter. 
The full scale reading inFig. 1-4A is 1; in Fig. 1-4B it is 3; 
and in the last scale it is 150. 

Notice that values or numbers are assigned only to some 
division marks. This means it will be upto youto interpolate 
the value of each division in between the numbered ones. As 
a start, examine the first linear scale (A). This has a range 
from 0 at the left to 1 at the right; thus, each major division 


a 


~ 


has a value of 0.2, which is marked right on the scale. The 
unmarked major divisions, identified by heavy lines which 
extend slightly belowthe curve ofthe scale, each have a value 
of 0. 1—one-tenth the full-scale value. Each of the smallest 
lines therefore represents a value of .02. Thus, the first 
line immediately following the number .2 would have a value 
of .22. The next would be .24, the next .26, then .28, and 
the heavy line would be .3. 

The next linear scale (B) has a full range of 3. The center 
mark of this scale would then be 1.5, and each major un- 
marked division would represent a value of .5. Each of the 


\ smaller divisions has a value of .05, andifyou add all of them 


Fige 1-5. A typical resistance scale. 


you will have a total of 3 when you reach the end of the scale. 
The last linear scale (C) has a full scale value of 150. Each 
major division is 30 and is marked as such. Each line has a 
value of 2. Various representative values are marked on each 
of the scalesasexamples, but the best wayto become experi- 
enced in scale reading is to practice. 
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Range Multiplier 


On most meters scale ranges are extended through the use 
of a multiplier switch. With the range switch set on some 
position, such as 10x, all readings must be multiplied by 10. 
If, as an example, you were using scale B in Fig. 1-4 and 
the needle were pointing at 2.5, you would mentally multiply 
by 10 and get an answer of 25. An easier way of doing this is 
to move the decimal point of the number 2.5 one place to the 
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Fige 1-6. A typical decibel scale. 


| /* 
% right. Linear scales are used to indicate values of AC or DC 
voltage or current, although on many me 5 the lower end of 
the AC scale may be slightly nonlinear. 


X The Nonlinear Scale ya ra Z AWTo 


Fig. 1-5 shows an example of a nonlinear scale. It is non- 

linear because the divisions or marking lines onthe scaleare 
not spaced evenly. Notice how crowded the scale becomes 
toward the left. The value of each division also becomes 
greater in this direction. Each large division mark between 
the numbers 0 and 5 has a value of 1, but there is only one 
division between 40 and 50, indicating a value of 45. 
The technique for reading this kind of scale is entirely dif- 
ferent than for a linear scale. If the meter pointer comes to 
rest between two numbers onthe scale, you must read both 
numbers andthen determine the value of eachdivision between 
these numbers. Unlike a linear scale, knowing the full-scale 
deflection value—the number at the far right on the scale— 
isn't of help. And at the extreme left end of the scale, the 
numbers are so crowded that all you can do is make an edu- 
cated guess at the reading. SC 

The resistance scale of the VOM is usually above all the 
other scales and, like the other scales, may be extended by 
using the range multiplier control. Thus, on a typical VOM, 
R x 1 would indicate that the scale is to be read directly. R 
x 10 means each reading should be multiplied by 10. R x 100 
means each reading should be multiplied by 100. Unlike the 
voltage scales, though, the zero end of the resistance scale 
is at the far right, with increasing values toward the left. As 
the meter pointer movestoward the left you have an indication 
of greater resistance. The extreme left end of the scale indi- 
cates maximum resistance or an open circuit. 


The Logarithmic Scale aK x 016 c FANACTAS A 


Unlike the other scales, thelogarithmic scale shown in Fig. 
1-6 does not have its zero at either end, but somewhere near 
the center of the scale. Thescale shownis calibrated in terms x 
of decibels (db), helpful when making audio measurements. 
The scale may be marked with plus and minus signs—plus to 


the right of zero, minus to the left of zero. 
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SERIES RESISTOR 
1,000 OHMS 


ohm resistor produce 1 milliampere of current through the 


x Fige 1-7. As indicated here, a i-volt battery and a 1,000- 
meter (ignoring the internal resistance of the meter). 


Reading the logarithmic db scale is much the same as read- 
ing the other scales. Actually, it is much easier since each 
division is usually (but not always) marked. As you can see, 
the scale become s more crowded toward the left side. And, 
unlike the scales used for resistance or voltage (or current), 
there is no range multiplier on the VOM for the logarithmic 


scale. Oo x 


Basic VOM Circuit 


Basically, the VOM consists of the meter movement, a re- 


ZERO - SET METER 
POTENTIOMETER 
(2,000 OHMS) 


TEST PROD 
STEEL NEEDLE 4 
POINT 


Fige 1-8. The potentiometer in this ohmmeter circuit 
enables us to set the meter current exactly. 


sistor, and a battery. However, the battery is used only when 
resistance is to be measured. When the VOM is used for 
nessun voltage or current, the basic circuit of the VOM 
becomes even simpler, consisting only of a resistor and the 
meter. 4 
A basic VOM circuit isshownin Fig. 1-7. Inthis particular 
circuit the maximum current we may send through the meter 
is 1milliampere (or .001 ampere). Withthis much direct cur 
rent flowing through the meter, the pointer will swing to the 
far-right and will come to rest at the end of the scale. Any 
current through the meter much greater than 1 milliampere 
will burn out the coil. How canwe produceacurrent of exactly 
1milliampere? Fig. 1-7 shows thatwe cando it with a 1-volt 
battery anda resistor of 1,000 ohms (ignoring the internal re- 
sistance of the meter). The current through the resistor, 
however, also flows through the coil and through the resistance 
of the battery itself. The coil has some resistance, and so 
has the battery. Because this resistance is addedto the 1, 000- 
ohm current-limiting resistor, the current is actually some- 
what less than 1 milliampere. To compensate for this we can 
make our resistor a variable unit. 


A modified circuit appears in Fig. 1-8. Instead of using a 
1, 000-ohm fixed resistor, we have replacedit with a potentio- 
meter having a value of 2,000 ohms. This variable resistor 
is called the zero-set or zero-adjust control. We use a po- 
tentiometer having a value of 2,000 ohms, sincethis permits 
us to set the control somewhere around its center position 
instead of working near the end of the control. There is 
another advantage in using a potentiometer. As the battery 
gets older, its resistance increases. The variable control 
can be adjusted to compensate for this. 

Fig. 1-8 also shows a pair of test probes. These have the 
double function of serving as a switch and also for probing or 
testing a circuit. When the metal ends of the probes do not 
touch, the circuit is open. Current does not flow through the 
meter andthe meter pointer rests onthe first division or mark 
at the left side of the scales. But if we touchthe probe points 
together, it will be as though we had closed a switch. Current 
will flow through the circuit from the negative terminal of the 
battery, through the wire: leads of the probes, through the 
meter coil (causing it to move), through the potentiometer, 
and back through the battery to the negative terminal again. 
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What will be the position of the meter pointer at this time? 
It should be over at the far right of the meter scale, resting 
on the last or final division mark. This tells us that we have 
1 milliampere of current flowing inthe circuit; hence, we see 
that the meter is really a current-measuring device. But how 
do we know that the meter pointer will stop exactly at the last 
division of the meter scale? We don't. This is where the 
zero-set control goesto work. All that is necessaryis to ad- 
just it so the pointer stops where we want it to. The potentio- 
meter does this by ee Nl more orless resistance to the cir- 


cuit. XG Ay’ lg) cn iy 


Measuring Resistance 
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Fig. 1-9 shows how the basic circuit is used for measuring 
resistance. First, the test probes are shorted and the zero- 


“4 ZERO SET 


doe = Fige 1-9. The meter in this diagram is 


being used to measure resistance. 


TEST PROD 


set controlis adjusted sothat ourmeter pointer is right onthe 
last division on the far right side of the scale. Next, the test 
probes are placed at the opposite ends of resistor (R). Le 
us say that this resistor has a value of exactly 1,000 ohms. 
What have we done? We have inserted this new 1, 000-ohm 
resistor in series with our circuit and doubled the total cir- 
cuit resistance. If the resistance is doubled, the current is 
reduced to one half. Therefore the meter pointer, instead of 
being over at the far right, will come to rest somewhere else 
on the scale. We can mark this point with the number 1, 000, 
since it is the exact value of the resistance measured. And 
so we can begin to set up a resistance scale of the kind ex- 
hibited in Fig. 1-5. 


The VOM Battery 


Whether or not we use the VOM, the battery will keep get- 
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ting weaker. This means, of course, that the battery will 
have less voltage and as a resultthe current flow in the meter 
circuit will become less. We overcome this by resetting the 
zero-adjust control, but when we do that the amount of re- 
sistance in the circuit is reduced. Ultimately, the time will 
come when the battery will be so weak that we will be unable 
to zero the meter. The only solution is to replace the battery 
in this case. 


The Resist ange 
Resistance Rang g2- 

The battery selected earlier was chosento have a value of1 
volt for the purpose of making the example clearer. In prac- 
tice, however, we would use one or more 1.5-volt batteries. 
If we used a single battery (actually, a single cell) we would 
need to have a series resistor of 1,500 ohms so that we could 
get 1 milliampere full-scale deflection on the same meter. 
We can now replace our potentiometer with a 3, 000-ohm unit 
so that we can get a resistance of 1,500 ohms with the po- 
tentiometer control set at its center. ‘ K y 


Now let us suppose the potentiometer gives us exactly 1,500 
ohms and the battery is a fresh one supplying 1.5 volts. How 
can we extend the resistance range ofthe meter? All we need 
do is increase the total resistance in the VOM circuit. Let 
us say that we wish to have an R x 10 range, so that when 
the meter pointer stops atthe number 150 we would be meas- 
uring not 150 but 1,500 ohms. To extend the resistance range 
all we need do is multiply the value of the potentiometer re- 
sistance by the range we want. If we decide on R x 10, we 
would multiply 1,500 by 10 and get a value of 15,000ohms. 
This is the total resistance we must have in the circuit if we 
wish to extend the range from R x 1 to Rx 10. Our po- 
tentiometer was originally set at 1,500 ohms. If we subtract 
this value from 15,009 we will get 18,500 ohms. Thus, to 
have atotalof 15,000 ohmsinthe meter circuit we would need 
a series resistor of 13,500 ohms. XxX’ 

Fig. 1-10 shows a simple switching arrangement for the re- 
sistance measuring section. With the help of the range switch 
we cangofrom R x 1(inwhichcasewe readthe scale directly) 
to R x 10 (multiply every reading by 10) to R x 100 (multiply 
every reading by 100). While this circuit may be satisfactory 
for explaining how series resistance is used for increasing 
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RANGE SWITCH 


RESISTOR BEING 


STANDARD: 
RESISTOR | 


Fige 1-11. This modified 
VOM circuit includes a 
standard resistor. 


TEST PROD 


Fige 1-12. Resistance range selector circuit for a VOM. 
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the range, it isn't satisfactory from a practical viewpoint. If 
the zero-set control is 1,500 ohms, then the value of the re- 
sistor inthe R x 100 position will be close to 150,000 ohms. 
And with a 1.5-volt battery the maximum current will be .01 
milliampere (one one-hundredth of a milliampere). This 
er give a reading, but the pointer would barely move a 
raction of the distance along the scale. To overcome this we 
would need to increase our battery voltage, which means add- 


ing more batteries. ye mo — 


The Standard Resistor 


Fig. 1-11 shows a more practical approachto ohmmeter de- 
sign. The circuit is almost the same as the one in Fig. 1-9, 
but a standard resistor—a precision-type with a knownaccur- 
ate value—is placed across the zero-set potentiometer and 
meter. With the test probes shorted, the battery voltage is 
directly across the standard resistor. The zero-set control 
can then be adjusted for full-scale deflection. With the test 
probes across resistor Rx, the additional resistance reduces 
voltage across the standard resistor. As a result, there is 
less deflection of the meter pointer. Just where the pointer 
will stop depends on the value of resistance being measured. 
The smaller the value of resistance, the more the meter 
needle will move toward the right. 

Now suppose we wish to increase the range. Let us say that 
we want to have a range of R x 10 so that we must multiply 
every value on the resistance scale by 10. All we need do is 
change the standard resistance in the VOM to one that is 10 
times greater. Fig. 1-12 shows one circuit arrangement that 
can be used. Notice that the meter, unlike the circuit of Fig. 
1-10, is not in series with the range resistors, butis shunted 
across them. The standard resistor for the R x 1 rangeis 
10 ohms. The standard resistor for the R x 10 range is 100 
ohms, 10 times the value of the first resistor. The final re- 
sistor of 1,000 ohms, 100 times the R x 1 standard, is used 
for the R x 100 range. 

Now let ussay youare measuring the value of a resistor with 
a color coding of 1,000 ohms. With your VOM onthe R x 1 
range and your test prods across the resistor, the meter 
pointer should be approximately on the 1K (or 1,000) mark. 
But this end of the scale is so crowded it is difficult to know 
if the resistor is 1K, 2K, or 4K. If you now switch to the R 
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x 10 range, your meter pointer will move over to the right 
and come to rest close to the number 100. If you multiply this 
value by 10 (as indicated by the range switch) you will get a 
more accurate indication ofthe resistance value. The number 
100, however, is still in a crowded sectionofthe meter scale, 
so you might get a better reading by using another range switch 
setting. With the range switch on R x 100 the meter pointer 
will come to rest on the number 10. Here the scale is least 
crowded. 

Why does the meter pointer move to the right as the resis- 
tance range is increased? Referring to Fig. 1-12 you cansee 
that asthe switch is movedfrom the lower tothe higher range, 
the standard resistors are added to the meter shunt circuit. 
Thus, less current flows through the standard resistors and 
more current flows through the meter. Standard resistors in 
a VOM may have the 10 to 1 and the 100 to 1 value relation- 
ships as shown in Fig. 1-12, but the actual values will be dif- 
ferent from those shown. The reason for this is that there 
are other circuit resistances to consider. The wiring, the 
test prods, and the battery will contribute resistance. 

There is one point we have not mentioned. Whenever you 
switch from one resistance rangeto another, be sureto short 
your test prods and adjust the zero-set control for a zero 
reading on the meter. In this way you will get the most ac- 
curate reading of the resistance you are measuring. 


Meter Sensitivity — 


D'Arsonval meters can be obtained in a large variety of 
shapes, sizes, and styles. The sensitivity of a d'Arsonval 
meter is a measure of how much current it takes to move the 
meter pointer to the full-scale position. The meter used in 
our examplesisa fairly commontype known as a1-mil move- 
ment. It takes one milliampere of direct current to make the 
meter pointer deflect full scale. But therearesome d'Arson-, 
val meters that require only a few microamperes to do the 
same thing. The smaller the amount of current required for 
full-scale deflection, the more sensitive the meter. 

What makes one meter more sensitive than another? There 
are a number of factors involved. A sensitive meter would 
have a strong permanent magnet, a moving coil wound with 


many turns, an iron core having a high permeability, an ex- 
tremely short distance between the moving coil and the pole 
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pieces of the permanent magnet, and pivots and bearings like 
those of a fine watch. The sensitivity of a d'Arsonval meter 
is specified in terms of ohms-per-volt. Thus, a meter that 
requires 1 milliampere for full-scale deflection, using al- 
volt battery and a series resistor of 1,000 ohms (ora 1.5- 
volt battery and a series resistor of 1,500 ohms), haga sen- 
sitivity of 1,000 ohms-per-volt. If the battery is a2-volt unit 
(just as an example) we would need a series resistor of 2,000 
ohms—or 1,000 ohms for each volt supplied by the battery— 
to maintain full-scale deflection (zero ohms reading). 

Suppose, though, that we have a meter that requires only a 
half milliampere for full-scale deflection. If we were to use 
a 1-volt battery, the series resistor would be 2,000 ohms. 
This is just asimple application of Ohm's law. Such a meter, 
then, has a sensitivity of 2,000 ohms-per-volt—twice as 
sensitive as a meter requiring 1 milliampere for full-scale 
deflection. Thus, a meter with a full-scale deflection of 50 
microamperes has a sensitivity of 20,000o0hms-per-volt. A 
meter that will deflect full scale with 100 microamperes has 
a sensitivity of 10,000 ohms-p2r-volt. Meters available to- 
day have sensitivities up to 100, 000 ohms-per-volt. 


Amarch BA 


Fig. 1-13 shows the basic current measuring circuit of the 
VOM. The meter is designed to be connectedinseries, so that 
the current to be measured flows through the meter circuit. 
We must observe the same precaution as we did earlier in 
making certain that we do not exceed the current capability of 
the meter movement. This means thatifwe are using a meter 
having a 1 milliampere reading, 1 milliampere is the maxi- 
mum current we can allow to pass through the meter itself. 
But what if the total circuit current we are measuring is 10 
milliamperes? Then, as shown in Fig. 1-13, we want 9 
milliamperes to pass through a resistor, known as a shunt, 
and only 1 milliampere through the meter coil. 

The current reading range of the meter can be extended 
through the use of a number of shunts, as shown in Fig. 1-14. 
The lower the value ofthe shunt resistor, the higher the cur- 
rent that canbe measured. The actual shunt resistance values 
would depend on the internal resistance of the meter. Shunt 
resistors are precision units, and since the resistance of a 
shunt can be very low, they must be carefully wired into the 


DC Current Measurements 
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METER 


Fig. 1-13. A shunt is used across the ¢ 
meter in this circuit for measuring 
currente 


meter circuit to avoid any unnecessary resistance. Ifa shunt 
has a value of only .01 ohm, you can see that it wouldn't take 
much in the way of a poor connection to add some resistance. 
Although a separate range switch is shown in Fig. 1-14, this 
switch would actually be part of the resistance range switch. 
Wafer switches are used in VOMs, soa single multi-deck 
wafer-type switch can be used for all the resistance, cur- 
rent, and voltage ranges. When making current or voltage 
measurements, adjustment of the zero-set control isn't re- 


TO CURRENT SOURCE 


Fige 1-14. Shunt resistors are used in parallel to extend 
the current reading range in this metering circuite 
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quired. The zero-set is used only for making resistance 
/ \checks. Bio Lake 


DC Voltage Measurements a Meruch, Bor 


The DC voltage measuring section is much the same as the 
current measuring section, except that series resistors known 
as multipliers are used. A simple arrangement is shown in 
Fig. 1-15. With a 1-milliampere meter movement, 1,000 
ohms of series resistance per volt is required. Thus, if we 
wish to measure a DC potential of 1 volt, we will need a re- 
sistor in series between the meter and the voltage. This re- 
sistor will have a value of 1,000 ohms in order to limit the 
meter current to 1 milliampere. But suppose we wish to 
measure 10 volts? Then the series resistor will have tohave 


SERIES MULTIPLIER 
RESISTOR 


— VOLTAGE BEING 
=— MEASURED 


Fig. 1-15. Basic voltage measuring circuit. x 


10 times the value, or 10,000 ohms. This is still1,000 ohms 
per volt—that is, 1,000 ohms of resistance for each volt 
measured. Thus, to measure 50 volts the series resistance 
must be 50,000 ohms (for full-scale deflection) and for 100 
volts, the value must be 100,000 ohms. In each case, the 
resistor limits the flow of current to 1 milliampere, which 
produces full-scale deflection of the meter. 

The switching section can be part of the wafer switch ar- 
rangement used for switching resistance and current ranges. 
Althoughthe wiring tothe switch becomes complicated, it has 
the advantage of providing a single switching control. Some 
VOMs use apin-jack arrangement for connecting test leads to 
the instrument. Fig. 1-16 shows a typical pin jack arrange- 
ment for measuring different voltage ranges. In this case, 
some of the burden of having different voltage rangesis taken 
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Fige 1-16. Series multipliers and pin- 
jack arrangement for measuring DC vol t- 


agese 


BLACK 


from the switching circuit. Some VOMs use combinations of 

pin jacks and switching to cover all their ranges. Both test 

leads and pin jacks are often color coded, blackrepresenting , 
| “the common or "cold" lead and red the "thot'' lead. 
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: The Meter Rectifier 
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\.] The purpose of the current through the d'Arsonval meter is 
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Fige 1-17. Types of meter rectifiers. (A) Hal f—wave; 
(B) full-wave; (C) full-wave bridge. The arrows show 
the direction of current flow. 
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to make an electromagnet of the moving coil. But this moving 
coil electromagnet must have constant polarity, which means 
only direct current should flow through the moving coil. Sup- 
pose, though, that we did send an alternating current through 
the moving coil. What would happen? If the frequency of the 
alternating current was low enough, the meter needle would 
oscillate back and forth in step with the changing polarity of 
its moving coil. With ahigher frequency the pointer would not 
move at all, but would remain quivering at the zero mark at 
the left side of the scale. 

To use the VOM for measuring AC voltage and current, a 
rectifier is needed to change the alternating current todirect 
current. Known as a meter rectifier, the unit is quite small. 
The simplest type of rectifier, a half-wave semiconductor 
unit, is shownin Fig. 1-17A. Since this type of rectifier works 
on only half ofthe input voltagewaveform, the meter receives 
a series of pulses. 

An improved form of meter rectifier is the full-wave unit 
shown in Fig. 1-17B. Both halves of the input waveform are 
| Te ee cane —- — — PEAK 
707 |-r pein Serge ee eeongite cree RMS 

+ + Mo ter for pr AVERAGE 
i | 


Fige 1-18. Diagram showing relationship between nas X 
rms, and average values of a sine wave. 

rectified so that current flows through the meter practically 
at all times. The full-wave rectifier uses two diodes. The 
arrows with the solid lines show the direction of current flow 
through one diode; the arrows with the dashed lines show the 
current through the other diode. Notice, however, that cur- 
rent through the meter always flows in the same direction. 
The full-wave rectifier is the type most often used in VOMs, 
but the full-wave bridge in Fig. 1-17C does provide a higher 
output. The only disadvantage is that it requires four diodes. 


AC Input Waveform 


Although the current delivered by the rectifier to the meter 
is an average current, the meter scales are calibrated in 
terms of root-mean-square (rms) values. Fig. 1-18 shows 
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Fige 1-19. Wiring diagram of a commercia) VOM. 


Fige 1-20. Circuits for each of the measurement functions of 
the VOM in Fig. 1-19. 


28 


the relationships ofaverage, rms, and peak currents or volt- 
ages. Inthisexample, the waveform isa sine wave; however, 
many other types of waveforms are encountered in electronics. 
While a VOM may give you some kind of reading when measur- 
ing waveforms otherthan sine waves, oftenit will be meaning- 
less. About all the information you can gain is that there is 
a voltage or current present. X : 

AC currents and voltages are handled by the VOM in the same 
way as DC currents and voltages. Shunt resistors are used 
when measuring current, series multiplier resistors when 
measuring voltage. Some VOMsuse the same series and shunt 
resistors for both AC or DC; others use separate resistors 
for each function. The advantage ofhaving separate resistors 

i AC is that the two scales can be calibrated independently. 


Commercial VOMs XK 


The whole idea of a VOM is to have a single instrument sup- 
ply as much information about resistance, voltage, and cur- 
rent as it is possible to get. While the individual circuits in 
a VOM are fairly simple, the need for using the same com- 
ponents for different functions makes the switching arrange- 
ments somewhat complicated. And, of course, some VOMs 
are far more elaborate than others. 

Fig. 1-19 shows the wiring of a simple commercial VOM. 
There are three pin-jack connections for test leads —common; 
V-O-MA (volts-ohms-milliamperes), and 5KV (5,000 volts). 
Fig. 1-20 shows the circuit for each of the functions: DC volts; 
AC volts; DC current; and resistance. This instrument is 
designed to read 10, 30, 300, 1,000 and 5,000 volts AC or 
DC. In the DC current range it can measure 10 milliamperes 
and 100 milliamperes. Ithas two resistance ranges—low ohms 
and high ohms. 


Instrument Controls 


Generally, you will find three variable controls on the front 
panel of a VOM—zero adjust, range selector, and function 
selector. The function selector determines which of the cir- 
cuits of the VOM (as shown in Fig. 1-20) are to be used. In 
a representative VOM, the function control can be set for AC 
volts, DC volts, DC amperes, and ohms. Both the function 
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Fige 1-21. A VOM of the type widely Fige 1-22. This VOM supplies a wide 

used inservicing. (Courtesy Simpson choice of voltage, current and re- 

Electric Co.) sistance measurements. (Courtesy 
Triplett Elect. Instre Co.) 


| control and the range control must be properly set before 
| making any measurements. 
Figs. 1-21 and 1-22 show two different types of commercia 

VOMS. The control at the extreme left in the VOM in Fig. 1- 
21 is a voltage selector, .either AC or DC. The center con- 
trol is the range selector while the control at the right is a 
zero-ohms adjust. Thisinstrumenthas a sensitivity of 20, 000 
ohms-per-volt. The VOM in Fig. 1-22 has just two controls: 
a zero-ohms adjust and a range selector. This instrument 


and the one in Fig. 1-21 are both high-quality units. 
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CHAPTER2 XX 


Using the VOM 


No matter what you pay for your VOM, its value can be 
measured only in terms of the useful indications it provides 
you. What you can do with a VOM—what information you can 
get out of it—depends entirely on your understanding of what 
the instrument can do and what it cannot do. It can be easily 
damaged through a wrong connection; its life can be shortened 
through improper handling. pi 


Making Resistance Checks 


The VOM meter pointer should rest normally on the final 
division mark on the left-hand side of the scale. It may be 
that it does when the instrument is horizontal, but not when 
it is vertical. For your particular VOM this may be normal. 
In any event, you should know from the instruction manual 
accompanying the VOM. If the meter pointer needs adjust- 
ment, locate the meter screw adjustment near the bottom of 
the meter face and carefully adjust until the pointer of the 
meter rests onthe zero mark of the DC voltage scale. You 
should not needtoturnthe screw more than a fraction to cor- 
rect the pointer setting. When making this adjustment, be 
sure to lgok directly at the meter—not from one side or the 
thor, NO OBLIQUE ANGE 

Connect your test abe to the common wat resistance jacks 
on the front of the instrument and set the range switch on the 
R x 1 scale. Short the test prods. The meter pointer should 
come to rest near the zero mark of the ohms scale. Rotate 
the ohms-adjust control until the pointer is exactly on zero. 
Now rotate the range switch through each of its resistance 
ranges. You should be able to set the meter pointer on zero 
in each instance by using the ohms-adjust control. If youfind 
_thatonone or more settings ofthe range switch youare unable 
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to reach zero with the adjustment, replace the battery. If 
there is more than one battery, replace them all. 
Toavoidunnecessary discharging ofthe battery, never leave 
your VOM with the range control set in any of the resistance 
positions. At regular intervals, say once every six months, 
openthe VOM and examine the batteries to make sure they have 
not become corroded. If corrosion does exist, remove it and 
replace the batteries. The test leads should make firm contact 
with the pin jacks on the VOM front panel. To check, touch 
the prods together, with the VOM set on a resistance range. 
Move the leads back and forth. The pointer should remain on 
zero and not move. If it does, there is a poor connection and 
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Fige 2-1. Method for checking a fixed resistor. 


it should be repaired if dependable readings are to be obtained. 

Generally, when the resistance of a component ina circuit 
is to be checked it must be disconnected. However, if there 
are no components shunted across the resistor, then an in- 
circuit check can be made. In-circuit checks can be made 
only if all power to the unit is off. A resistance check with 
power on probably will damage the VOM. When making a re- 
sistance check, note the setting of the range control and be 
sure to multiply the scale reading by the value indicated on 
the control. Always try to choose the setting of the range con- 
trol which will put the meter pointer at center scale or tothe 
right of center scale. The resistance range of the VOM also 
is ideal for making continuity checks. For this you will find 
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it helpful to have the common lead, or both leads, equipped 
with alligator clips. 

Fig. 2-1 shows how the resistance value of a component is ye 
checked. Here are the steps to follow: 


1. With the test leads shorted, set the zero-adjust control 
so the meter pointer comestorest at zero on the ohms scale. 
2. Connect the test leads to the unknown resistance. 

3. Set the range switch on the VOM sothat the meter pointer 
is at center scale or to the right of center. 

4. Read the amount of resistance on the resistance scale. 
This is generally the topmost scale on the meter and is the 
only scale on the meter with zero on the right-hand side. 
Then multiply your reading by the setting ofthe range switch. 
You may find it necessary to zero-adjust again after you have 
changed the position of the range switch. If, however, the 
meter pointer always rests on zeroregardless of the range, 
itisn't necessarytodothis. If the zero-adjust control needs 
constant attention—that is, if you must constantly reset it 
after making resistance readings—the battery most likely 
has become weak and should be replaced. 


A resistor measured with an ohmmeter usually will measure 
a small amount higher or lower than the marking or color 
code specifies. This is because of the resistor's tolerance 
rating. For example, a 1 meg unit with a 20% tolerance will 
measure anywhere from 800,000 ohms to 1,200,000 ohms. 
In addition, the ohmmeter will not be 100% accurate, and its 
deviation from accuracy cancause a further error inmeasure- 
ment. A resistor having a tolerance of 5% is marked with a 
gold band, and one with a tolerance of 10% is marked with a ye 
silver band. Resistors of greater tolerance are not marked. 

Some capacitors resemble resistors andmay be color coded 
like them. If, in checking an unknown component, the meter 
pointer swings over toward zero on the resistance range, and 
then slowly moves back toward the left-hand side of the scale, 
the unit you are checking is probably a capacitor. 


Checking Shunted Components 


If you get no reading at all while checking a resistor, itis 
either open or its value is too high to give a reading. This is 
particularly true when measuring a resistor in the eX 
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Fig. 2-2. Check a variable resistance at these points. 


range with a VOM having just an R x 1 and anR x 10 range. 
If the resistors you are checking are wired in parallel, it will 
be necessary to disconnect one end of each resistor to check 
them separately. 


Checking Power Resistors 


If a power resistor has only two terminals, check it in the 
same way as an ordinary carbon resistor. If the unit has 
taps, check the resistance from one end to each tap. It is 
possible to get a resistance reading from the end of the re- 
sistor tothefirsttap andan open circuit reading from the same 
end of the resistor to the second tap. This indicates an open 
circuit between taps. If the tap is a movable one, instead of 
a series offixedtaps, make sureitis fastened firmly in place 
and making contact withthe resistance element before testing. 
Check it in the same way as a power resistor with taps. 

Some component values may vary between hot and cold con- 
ditions. The value of a resistor when hot can be startlingly 
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different from the resistance of the same unit when cold. To 
demonstrate this to yourself measure the filament resistance 
of a vacuum tube when hot and then again when cold. ya 


Checking Variable Resistors 


To check a variable resistor or potentiometer, follow the 
same steps outlined previously for checking fixed resistors. 
Setthe range control for measuring resistance andthen zero- 
set your VOM. If the variable resistor has three terminals, 
connect your VOM first to the two outer terminals as shown 
in Fig. 2-2. This will give you the total resistance value. 
Rotating the arm ofthe variable resistor should have no effect 
on the resistance at this time. Notice that some variable re- 
sistance controls are in the megohm range, so you must be 
sure your VOM is capable of reading such high values of re- 
sistance. 

Now disconnect onetest leadfrom either end of the variable 
resistor and connect it to the third terminal. Turn the con- 
trol shaft slowly. The meter pointer should move smoothly 
from one end to the other. If the meterpointer jumps sharply 
at any point, the control is defective. Try various resistance 
ranges, though, to makesureitisthe control that is defective 
and that the "jump" isn't due to an incorrect range setting. 
(NOTE: Many potentiometers, such as volume and tone con- 
trols, are nonlinear; that is, resistance at one end of the 
range changes more rapidly than at the other. Do not misin- 
terpret a more rapid, but smooth, change in resistance as a 
"jump. ty 


Continuity Checking 


The purpose of a continuity check, as its name implies, is 
to make surethata particular conductor or a series circuitis 
complete. Fig. 2-3 shows the power cord connection to the 
receiver transformer. Such a continuity measurement pro- 
vides acheck ofthe fuse, the primary ofthe transformer, the 
line switch, and the line cord and plug. This is quite a bit of 
information to get from just one test. Connect the test prods 
to the male plug terminals andturnthe on-off switch backand 
forth. The meter pointer should travel from the left side of 
the scale to some point on the scale. If the resistance scale 
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Fige 2-3. Method for checking a power input circuit. 


reads "infinite'' for any setting of the on-off switch of the re- 
ceiver and for any setting of the range control, the circuit is 
open. To determine the cause connect the test leads across 
the fuse and check it for continuity; then check continuity of 
the primary winding and each section ofthe line cord until you 
locate the open component. Obviously, the male plug must 
not be plugged in to the power outlet during these tests. 

But what if the receiver is atransformerless type—that is, 
a set that doesn't use a power transformer? In sets of this 
type all of the tube filaments are in series, or in some TV 


VOM 
SET TO READ : 
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MALE PLUG OR MORE 


Fig. 2-4. Method for finding a tube with an open filament 
in a series stringe The line switch must be closed and the 
male plug inserted in power outlet. 


sets a series-parallel combination is used. If the set youare 
checking is a small AC-DC type, plug the receiver into the 
power line and turn the receiver switch to the on position. If 
the tubes do not light there is either an open in the line cord 
or one of the tube filaments is defective. If the setis a TV 
receiver using a series-parallel combination of tubes, about 
half of the tubes may be lit, with the other half inoperative. 

To check the tube filaments set your VOM to read AC volts 
(see Fig. 2-4). The range switch should be set for a reading 
of 150 volts or more. Connect the transformerless receiver 
to the power line and turn the receiver switch to the on posi- 
tion. Make sure you know which are the filament pins of the 
tubes. Refer to the schematic diagram or use a tube manual. 
if. you have any doubt. Now, using a pair of needle-point 
probes, connect the VOM across the filament of each tube. 
If the tube is good, the VOM meter pointer will not move, or, 
move very little. If you get a reading that is approximately 
equal to the line voltage, or some high value such as 90 or 
100 volts, you will have located a tube with an open filament. 
Equipment using series filament circuits often have shunting 
resistors across some filaments to maintain the correct 
amount of current flow in each tube. In this type circuit the 
voltage measured across a burned-out filament may be nearly 
the same as the voltage across a good tube. 


Checking Long Lines 


How can you check the continuity of a long two-wire line if 
it stretchesfrom room toroom? Or, how can you check con- 
tinuity of a two-wire transmission line if one end is on the 
roof? You can do this, as shown in Fig. 2-5, by connecting 
a jumper across the conductors at one end and then making a 
continuity check across the other end. Set the VOM on the 
high resistance range and connect the alligator clips of your 
test leads across the open ends. Disconnect the transmis- 
sion line from the receiver when making this check since the 
input coil will act as a short. If both conductors are intact, 
the meter pointer should swing over to zero, indicating con- 
tinuity through the entire line. 


Checking Coaxial Cables 


Coaxial cable consists of a center conductor surrounded by 
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Fige 2-5. A long line may be checked for continuity 
this waye 
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Fig. 2-6. Method of checking a tube for shorts. 
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insulation and an outer shield of braided metal. The center 
wire and the shield act as a pair of conductors but itis always 
possible for a metal "hair" of the shield braid to touch the 
center conductor and cause a short. To check, set the VOM 
on a high resistance range. Connect one lead to the center 

4 conductor of the cable. Touch the shield braid with the other 
test lead. The meter pointer should not move. Wiggle the 
cable during this test to see if you get a short with the cable 
in some other position. 


Checking Wafer Switches 


Rotary wafer switches can be easily checked with a VOM. 
Set the VOM to read resistance and connect one test lead to 
the rotor of the switch. Connect the other lead to each switch pr 
XK comection in turn. Rotate the switch; as it makes contact 
with the particular connection being tested, the meter pointer 
should swing over to zero. 


Checking Variable Capacitors 


Set the VOM onthe resistance range and connect one test lead 
to the rotor of the variable capacitor and the other test lead to 
the stator connection. Turn the capacitor shaft slowly. 

x The meter pointer should not move from the left side of the 
scale. Any flicker of the meter,pointer or any movement of 
the pointer to the right on the scale indicates a short in the 
capacitor. 


Checking Relays 


A relay is simply an electromagnetically-operated switch. 
~ To check a relay, connect the coil to its voltage source so it 
will receive current. Set the VOM on a high resistance range 
and touch the test prods to the relay contacts (not to the coil x 
connections). Do not use alligator clips as the moving ele- 
ments ofthe relay may not be able to carry the weight. Check 
the relay contacts for closed and open circuit conditions just 
as you waild a switch. 


Checking Tubes 


You can use your VOM to test tubes for filament continuity 
and shorts between elements, as shown in Fig. 2-6. To check 
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Fige 2~7. A typical power trans- 
former schematic showing indi- 


vidual windings. 
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filament continuity, connect the VOM across the filament pins 
with the VOM set to read resistance on the R x 1 scale. To 
check for shorts between elements set your VOM on a high 
resistance range. Put the tube in a receiver and let it operate 
long enough to get hot. Remove the tube from the receiver 
and connect one lead of the VOM to the cathode pin and the 
other to the filament. There should be no movement of the 
meter pointer. Tap the tube while making this test. Any 
movement of the meter pointer means you have an intermit- 
tent short. Repeat the test by moving the test lead from the 
filament tothe control grid, then to the screen grid, and then 
to the suppressor grid. If the suppressor grid is internally 
connected to the cathode, as it is in some tubes, you will get 
an indication of a short, of course. In this case, refer toa 
tube manual. 

Since shorts are most likely to occur between adjacent ele- 
ments, a thorough check should include additional high-re- 
sistance measurements between control and screen grids, 
screen-and suppressor grids, and suppressor grid and plate. 
You can perform these tests with the tube in its socket, but 
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after you have heated the tube, make sure you pull the line 
plug out of the power outlet. 


Checking Transformers X 


If you have an unmarked transformer or one without color- 
coded leads, you can find the start, finish, and center tap (if 
any) of the windings with an ohmmeter. You may, from the 
resistance readings, possibiy determine the leads for primary 
winding, the plate winding, and the filament windings of a 
powertransformer. Ifthe transformer is an audio output type, 
you will at least be able to learn which are the primary and 
which are the secondary leads. 

Fig. 2-7 shows how to make transformer continuity checks. 
If the transformer is completely unmarked, select any lead at 
random. Connect one test lead to it with an alligator clip. 
Set your VOM on ahighresistance range andtouch each of the 
other leads, in turn, until you get a reading. When you get 
a pair of leads that show continuity, put a tag on them and 
make a note of the resistance reading. To do this you may 
need to switch to a lower resistance range on the VOM. Use 
the same process to check all other leads until you have 
matched all the pairs. 

You may find three leads which show continuity. This would 
then be a winding with a center tap. The resistance of one 
leadtothe centertapis most likely the same as the resistance 
from the center tap to the other lead. If there is a difference 
in resistance, the winding tap may not be at the electrical 
center because of the required design. To determine whether 
or not this is the case, check the schematic diagram or the 
parts list of the receiver in question. You may end up witha 
single lead that does not show continuity to any of the other 
leads. If this lead is completely uninsulated, it may be con- 
nected to a shield, known as a Faraday screen, between the 
primary and secondary windings of the transformer. Again, 
the schematic diagram may indicate whether or not this is 
true. 

If the unit you have been checking is a power transformer, 
the primary leads will be those having about 2 to 8 ohms re- 
sistance; the secondary leads will be 30 ohms or more, per- 
haps even several hundred ohms. The filament leads will be 
less than 1 ohm. 

You can check audio output transformers in the same way. 
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The two leads having a very low resistance, usually lessthan 
5 ohms, will be the leads that connect to the voice coil in the 
speaker. The two leads showing a much higher resistance 
will be the primary leads. If the primary has three leads, 
one of them is a center tap. You can determine which lead is 
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Fige 2-8. Method for checking rectifier and demodulator diodes. 


the tap by resistance checking. This applies to output trans- 
formers used with tubes and also those used with transistors. 


Checking Capacitors 


Set the VOM on ahigh resistance range and connect one lead 
to a terminal of the capacitor. The capacitor should not be 
connected to other components or should be disconnected from 
its circuit atone end. Touch the other capacitor terminal with 
the other VOM test lead. The meter pointer should swing over 
and then return gradually to the left side of the meter. The 
larger the capacitance, the longer it will take for the capaci- 
tor to charge and for the resistance reading to approach infinity. 
If the meter pointer does not show this charging effect, the 
capacitor may be defective. It should be noted that large 
electrolytic capacitors normally will not char ge beyond a read- 
ing of 25 to 50K ohms. This is because the low battery volt- 
age of the VOM is insufficient to overcome the inherent re- 
sistance of such units and fully charge the capacitor. 

While this method of checking capacitors is crude, it will 
reveal shorted capacitors and capacitors which are intermit- 
tent or leaky. The difficulty with this particular test is that 
Some capacitors are self-healing, particularly electrolytic 
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types, and may seem satisfactory when subjected to the low 
voltage of the VOM battery. However, breakdown often oc- 
curs under the much higher voltages encountered in normal 
operation. 


Checking Semiconductor Half-Wave Rectifiers 


With the rectifier disconnected from its circuit, set your 
VOM on its high resistance range. Put the test prods across 
the rectifier terminals and note the resistance reading. Trans- 
pose the test leads and note the resistance once again. (See 
Fig. 2-8.) The ratio of the two resistances should be at least 
20 to 1. One of your readings should be much greater than the 
other. If the low resistance reading is 25,000 ohms, the high 
resistance reading should be at least 500,000 ohms. Ifthe re- 
sistance readings are the same, orifthe ratio is less than 20 
to 1, the rectifier should be replaced. Ifthe resistance read- 
ings are bothhigh, the rectifier unit is open; if the resistance 
readings are both low, the unit is shorted. 

If the rectifier you are checkingis a full-wave stack, it will 
consist of two diodes. If it is a full-wave bridge, it will have 
four diode sections. Check each diode, inturn, separately. 
If any one of the diodes does not have at least a 20 to 1 re- 
sistance ratio, replace the entire unit. 


Checking Semiconductor Demodulator Diodes D 


Diodes used as detectors or demodulators can be checked in 
the same way as rectifiers (Fig. 2-8). The resistances of 
diodes may vary considerably, but the diode should have a low 
resistance with the VOM test leads connected one way, and a 
high resistance with the leads transposed. A resistance ratio 
of a least 20 to 1 indicates that the diode is neither open nor 
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Checking Loudspeakers 


To check a speaker, set your VOM onits low or medium re- 
sistance range and connect one test lead to the voice coil of 
your speaker as shown in Fig. 2-9. Now rub the other test 
prod needle point against the other voice coil terminal. As 
you do you should hear a slight crackling noise and, at the 
same time, you should get a deflection on the meter scale. 
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Fige 2-9. Method for checking 
the voice coil of a speaker. 


Fige 2-10. The forward and re- 
verse resistances of PNP and 
NPN transistors may be checked 


as shown heree 
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If you hear no sound and you get no meter readings you have 
an indication of an open voice coil. 


Checking Transistors md 


You can check transistors with your VOM in the same way 
as for diodes. This is easy to do if you regard the transistor 
as a pair of diodes connected back to back. Transistors are 
available as NPN or PNP units. Fig. 2-10 shows how to check 
both types. Set the VOM to measure resistance. For a PNP 
unit, connect the black or common lead to the base of the 
transistor. In turn, touch the red lead to the collector and 
emitter. In both instances you should get a low resistance 
reading. Make a note of the readings. Transpose the leads 
by putting the redtest lead on the base and the black test lead 
on the collector and then on the emitter. You should get a 
much higher resistance reading this time. The ratio of the 
resistance readings, as in the case of diodes, should be at 
least 20 to 1, preferably more. 

Whentesting an NPN transistor you canfollowthe same pro- 
cedure. As shown in the drawing, for the low or forward re- 
sistance connect the red test lead to the base and the black 
lead to the collector and then to the emitter. Note the re- 
sistances and then transpose the test leads, just as you did 
when checking the PNP transistor. This time you should get 
a high or reverse resistance. The ratio of the reverse to the 
forward resistance should be at least 20 to 1. 


AC Voltage Measurements 


The AC scales on your VOM may be showninred. If you will 
look at the extreme left-hand end of your AC scale you will 
see it is nonlinear, although the remainder of the scale is 
linear. Try to use a scale which will permit readings to be 
made onthe right side ofthe scale. The reason for the crowd- 
ing of the left side of the AC scale is due to the nonlinear 
characteristics of the meter rectifiers at low AC voltages. 

Unlike resistance measurements, which use internal bat- 
tery power of the VOM, voltage measurements require that 
the unit being tested supply the power. You should do two 
things whenever you make any voltage test: (1) Make sure 
that your range control, which alsoworks as a function selec- 
tor, is set to read volts; (2) Also make sure it is on its 
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highest range. If you forget and keep the range switch set to, | 
read resistance or low voltage, you may ruin the meter. a 


Checking Line Voltages 


With the VOM properly setto read high AC volts, insert the 
needle-point test prods into a convenient AC outlet. Handle 
the test prods only by theinsulated portion. Keep your fingers 
off the metal ends ofthe prods or you will be inviting a shock. 
If the range you have selected is too high—such as 1,000 
volts, for example—switch to the next lower range. If this 
range is 250 volts, you will be reading about center scale. 
Do not switch to a lower range. When making voltage tests, 


Fige 2-11. AC voltage should be found 
across these windings in a typical 
transformer-type power supply. 
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it is always best if you have some idea of the strength of the 
voltage to be measured. If you do not, try to get a reading 
while at the highest voltage range. Never set the range con- 
trol below the voltage you intend to measure. 

Fig. 2-11 shows the measurement points forthe AC voltages 
you can measure across a power transformer. In a typical 
power supply the voltage across the transformer primary will 
be 117 volts; voltage across the full secondary will] be about 
600 volts, andfrom 2to12 volts across each filament winding. 
You should get an equal amount of voltage when checking from 
the center tap to either rectifier plate. Naturally, the volt- 
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ages we have mentioned here will vary, depending on the 
transformer used and its application. Also, some areas have 
higher or lower line voltages than is standard. 

When checking the transformer, put your test leads across 
the primary. You should measure full line voltage here. If 
you do not measure any voltage, you may have an open fuse, 
defective line cord, or a defective plug or outlet. Check 
across the line cord at some point before the fuse. If you get 
an indication of line voltage, the fuse is open. Check before 
and after the line switch to see if the switch is defective. 
Check the outlet to make sure it is delivering voltage. 

If all primary voltages are OK, move over to the secondary 
and make voltage checks. Connect the common or black test 
lead to the chassis or B minus (as shown by the ground sym- 
bol) \and touch the red test lead to the input of the rectifier, 
as shown. The voltage should be high AC, ranging from 125 
to 150 voltsin a radio receiver to 250 to 350 volts in atypical 
TV set. If the tubes inthe receiver do not light, check the 
filament winding for voltage. 


Checking Switches 


You can check switches quite easily using the AC section of 
your VOM. This test is not only helpful for radio and TV re- 
ceivers, but for any electrical appliance that requires a 
switch. Since a switch is a mechanical device that gets fairly 
constant use, it is a component to be regarded with suspicion 
when electrical equipme nt stops working. 

To check the switch, follow the procedure shown in Fig. 2- 
12. Since you will be checking at line-voltage level, set your 
VOM to read AC volts, preferably using a 250-volt scale if 
your VOM has one. First, check for AC voltage across the 
twoleads going into the electrical equipment. When doing this 
the switch must beinits closed position andthe line cord must 
be plugged into the power line. If you get no voltage, move 
one lead to the other side of the switch. If you get a reading 
then, you know the switch is defective. But if you still get 
no line voltage move the other test lead to the other side of 
the fuse. If you measure line voltage, the fuse is open. 

There are afew things you should remember about measur- 
ing AC voltages with your VOM. As stated earlier, your 
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VOM may be designed to measure sine-wave voltages me 
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There are many other waveshapes, especially in television 
sets. A few VOMs are designed to measure peak-to-peak 
values of voltages other than sine waves; however, since such 
units depend on demodulation circuits to detect voltage levels, 
obviously the value indicated will vary with the complexity of 
And the fact that a voltage is a varying one 
does not make it AC. The voltage may be a DC pulse. 


the waveshape. 
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SWITCH 
Fige 2-12. Method for checking the AC voltage input to 
any electrical apparatus. 
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Fige 2-13. Sketch showing the plate and screen voltage 


relationships to a tube cathode. 
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Checking DC Voltages 


Your VOM probably has three voltage scales, shown in black, 
for DC voltage measurements. Thus, atypical VOM might 
have scales of 10, 50, and 250 volts maximum, plus a range 
multiplier that goes to 1,000 volts. It may alsohavea special 
pin-jack connection for 5, 000 volts. Many VOMs have scales 
calibrated in multiples of 3—such as 6, 60, and 300 volts. 

When measuring voltage, remember that your meter move- 
ment is drawing current for its operation from the circuit you 
are checking. For example, if you are checking the plate 
voltage of a tube whose plate current is only a few milliamperes, 


and if your VOM meter requires a milliampere of cur rent for 


full-scale deflection, the voltage at the plate of the tube may 
appear to be lower than it really is. A VOM that requires 
only 50 microamperes for full-scale deflection will have much 
less effect on the voltage of the circuit it is measuring. 


Measuring Tube Voltages 


The operating or effective voltage on the plate or screen 
grid of a tube is the voltage appearing between these elements 
and the cathode. Fig. 2-13 shows how to measure these volt- 
ages. Setthe VOM to read highDC volts and connect the black 
or common test lead to the cathode. Tn turn, connect the red 
or "hot'' test lead to the plate and then to the screen grid. 
When the cathode is connected directly to ground, or through 
a low value resistor (100 ohms or less), it may be more con- 
venient to connect the black or common lead tothe metal chas- 
sis or B minus bus of the receiver you are checking. Thisalso 
can be done when checking tube circuits in which the cathode 
and grid are operated above ground by subtracting the cathode 
voltage-to-ground measurement from the plate and screen 
measurement. However, this method is not quite as accurate 
as the direct plate-to-cathode measurement. 

The bias voltage of a tube is the DC voltage between control 
grid and cathode. To measure this voltage, use the test set- 
up shown in Fig. 2-14 The bias is usually just a few volts 
for common amplifiers. 


Troubleshooting A Tube Circuit ee 


In Fig. 2-15A we have a tube circuit connected to a power 
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supply that delivers 200 volts DC. The plate voltage is sup- 
posed to be 150 volts when the tube is not receiving a signal 
and the bias is 3 volts. The bias is supplied by the resistor 
in the cathode circuit. 


Fig. 2-15B shows that this circuit is really just a voltage 
divider with 47 volts DC across load resistor R1, 150 volts 
across the tube (that is, between plate and cathode), and 3 
volts across cathode resistor R2. Notice the polarity of the 
DC voltage across each component. It is important to know 
this, since it tells us how to connect the red (hot) and black 
(common) leads of the VOM. To check the circuit, set the 
VOM on a high DC voltage range and measure the voltage 
between cathode and plate of the tube, with the black lead on 
the cathode and the red lead on the plate. If the range you 
have selected is too high, turn it to a lower one. 

Suppose you measure 200 volts on the plate of the tube in- 
stead of 150. This probably means that no current is flowing 
through the tube and that you are not getting voltage drops 
across Rl and R2. A possibility may be that the tube is de- 
fective, or for some reason there is no current from cathode 
to plate. If, on the other hand, the voltage on the plate of the 
tube is much less than 150 volts, toomuchcurrent is passing 
through the tube. This could happen if the cathode resistor 
decreased in value or if positive voltage is being applied to 
the grid. | 

You can measure the bias voltage by connecting the black or 
common lead to the chassis or atthe bottom of R2 and the red 
lead on the cathode pin. You will need to reduce the voltage 
range so that you can read the low voltage. In the same way, 
measure the voltage across load resistor Rl. Be careful— 
the negative or black(common) lead of the VOM must connect 
to the plate of the tube and the red lead to the other end of Rl. 
In making this measurement if you get some reading approach- 
ing 200 volts, instead of a normal value, the resistor may be 
open. You can check the voltage source by setting the VOM 
on a high DC voltage range. Connect the common lead to the 
chassis and the other lead to the B-plus line. One end of R1 
is a convenient checking point. 

The tube shown in Fig. 2-15 is a triode. If you have a pen- 
tode tube, aS shown in Fig. 2-16, you can check the voltage 
at the screen grid pin and the voltage across the screen grid 
resistor inthe same manner described for plate circuit tests. 
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Fige 2-16. (A) Method for checking the voltage across 
screen dropping resistor. (B) Checking the voltage at 
the screen grid. 


Fige 2-17. Procedure for checking the 
voltages of a hal f—-wave rectifier. 
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Set your VOM to read high DC volts and connect the red test 
lead to the screen grid. Connect the black(common) test lead 
to the chassis or cathode of the tube. If there is no voltage 
reading, resistor R1 is open. You can measure the voltage 
across R1 in this diagram inexactlythe same way you meas- 
ured the voltage across R1 in Fig. 2-15. 


More Checks on the Power Supply 


Fig. 2-17 shows a half-wave rectifier type of power supply 
using resistor R2 and choke coil L1 as filter units. As a 
start, set your VOM to read high DC volts and connect the 
common test lead tothe chassis or B-minus, as the case may 
be. Touch the red lead to the output side of the filter choke 
(L1 in the drawing). If you get no voltage reading, move the 
red test lead to point A. You will actually be measuring the 
voltage across filter capacitor C2. If you get a voltage read- 
ing here, but did not get one when checking across R1, then 
choke coil L1 is open. Now move the red test lead to point B. 
Here you will be measuring the voltage at the output of the 
power rectifier. If yougeta voltage reading here, but did not 
get one at point A, filter resistor R2 is open. 

In making these tests you can see that we did not move the 
common test lead. It remained where it was and the red test 
lead was used to probe successive points inthe power supply. 
Inthis way you caneasily find just where the voltage stops and 
pinpoint the component that is causing the trouble. Although 
the circuit shown in Fig. 2-17 uses a tube as arectifier, you 
can check a power supply using a semiconductor rectifier in 
the same way. Some power supplies use a single resistor as 
a filter; others, as the one shown in Fig. 2-17, are more 
elaborate. The test procedure is the same, though. 

Voltages are not always measured with respect to chassis. 
For example, with some equipment the AC power input is 
isolated from the chassis to reduce the danger of shock re- 
sulting from g rounding of the power line when the line plugs 
happen to be reversed. To measure voltages accurately on 
such chassis, the test leads must be connected across the 
points where the voltage is present. Also on such chassis the 
rectifier filament may be ata high DC voltage with respect to 
the chassis. When you want to check the filament voltage in 
this case, the test prods must be connected to the filament 
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terminals without touching the chassis. Usually, if the meas- 
ured voltage is high or low by 20% it is possible that the volt- 
age sourceis the cause oftrouble, especiallyif the equipment 

is operated from batteries. Of course, a voltmeter can be > 
inaccurate also, and this fact should be taken into considera- 
tion when making measurements. 
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they are being used in normal operation (in its equipment and 
the equipment operating). Even a battery that is almost dead 
may indicate full voltage orclose to full voltage ifitis checked 
out of circuit. To check a battery, connect the red test lead 

to the plus terminal of the battery and the commontestlead to # 
the negative terminal. With the receiver or other equipment 
turned on, make a note of the battery voltage. If it is 20% or 
more below normal replace the battery. Ifitis a rechargeable 
type, of course, the remedy is to recharge it. 


DS Taking Care of Your VOM A Mare fu Sou 


There are a few simple do's and don'ts you should follow so 
you get the most out of your investment in a VOM. 


® When not using the instrument, turn the function switch off, 

or to DC volts. 

e Always start with the highest scale. “a x 
® Zero-set the VOM before making resistance checks iy 

® Check the condition ofthe battery (or batteries) at least once 
every three months. Replace all batteries if you cannot zero 
set the meter. 

® Know the polarity of the voltage you are checking. > a xX 
® Never measure resistance with current flowing inthe circuit! 

® Keep your meter away from any component that has a strong 
magnetic field. 

® Do not adjust the meter pointer with the set screw on the 
meter face unless it is absolutely necessary. 

® Clean your meter with a slightly damp clothonce in a while. 

® Do not use any abrasives, soaps, detergents, or oils. 
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CHAPTER 3 


‘Servicing With the VOM 


If you ever want to start a lively discussion among service 
technicians, just ask them to name their favorite test instru- 
ment. Generally, the debate will narrow itself down to three 
—the VOM, the VTVM, and the scope. Some technicians 
like the portability of the VOM. Others are VT VM-happy. 
Then there is a groupthat makes the scope the central instru- 
ment on the test bench. 

Who is right? They all are! A 

One of the reasons for the argumentisthat there is acertain 
amount of duplication among these instruments. You can use 
a VOM, a VTVM, or a scope to measure voltage. You can 
use either a VOM or VITVM to measure resistance. But that's 
really not the point. The important factors are: How con- 
veniently can you make the measurement? How accurate must 
the measurement be? Obviously, it's silly to make a current 
measurement when a voltage measurement willdo. A current 
measurement requires opening a circuit; a voltage measure- 
ment does not. But is it wise to make a voltage measurement 
when a resistance measurement will do? A voltage measure- 
ment means that the receiver or circuit being checked must 
be "on''—it must be getting power. A resistance measure- 
ment has no such requirement. 

Most service technicians have all three of these three basic 
instruments, because they know from experience that each 
instrument can make its own contribution to better and faster 
servicing. As a general rule, the VOM is liked because of 
its portability. The VTVM is needed since its high input 
impedance is a must under certain circuit testing conditions. 
And only the scope can show you what waveforms look like. 
This Chapter concentrates onservicing techniques and typical 
troubles youcan diagnose with a VOM. Obviously, for almost 
all of the common tests and measurements described, you 
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Fige 3-1. Forward and reverse 
resistance checks for PNP 
transistors: (A) base and col- 
lector; (B) base and emitter; 
(C) emitter and collector. 


can perform them as well with a VITVM, or in some cases Ne 
even a scope. Youcan, for example, checkan oscillator with + 
a VOM, a VTVM, ora scope. With time and experience you 
develop your own instrument preference. 


Testing Transistors and Diodes 


Diodes and transistors are usually wired (soldered) into a 
circuit andtherefore are not conveniently removed for testing 
like tubes. Unsoldering transistors and diodes can be a re- 
placement nuisance, especig in the very close quarters of 


Table 3-|. Trans 
(See Fig. 3-1). 


Resistance Ratio 


PNP NPN BASE. EMITTER > COLLECTOR 
low high ~ + open 
high low + = open 
low high _ open “4 
high low + open bs 
high high open - + 
high high open t in 
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a PC board. Nothing can be more aggravating or time-con- 
suming than to replace a component you thought was good 
However, it's easy to check diodes and transistors with a 
VOM before making a replacement. All you have to do is 
checkforward and reverse resistance and setit up as aratio. 
The previous Chapter discussed howto make forward and re- 
verse resistance checks betweenthe elements ofa transistor. 
The important thing is to note the polarity of the VOM leads. 
You must know the minus and plus terminals. For a PNP 
transistor you should get a low resistance reading between 
base and collector withthe minus lead of the VOM on the base 
and the plus lead on the collector (see Fig. 3-1). With the 
test leads reversed, the resistance reading should be much yd 
higher. By dividing the high resistance reading by the low re- 
sistance reading you willhave a ratiothat will give you anin- 
dication as to the workability of the transistor. Any ratio 
higher than 100 normally can be considered good, although 
some transistors will havea lower forward-to-reverse ratio. 
If you don't have a transistor tester, you'll find this quick 
check of transistors helpful. As an aid you can use Table 
3-I to help you check both NPN and PNP types. These tests 
must be made withthe transistor out ofthe receiver, or else 
in the receiver with other components disconnected. The 
power switch should be off or the power source otherwise dis- 


connected. | % 


No Sound: Single-Ended Audio Amplifier Stage 


You've checked out every stage in a transistor receiver and 
they all work, except the output stage. Table 3-II shows 
some possible troubles and how you can use your VOM to find 
them (see Fig. 3-2). The tests indicated are for a transistor 
audio amplifier, but the same tests can be used for a tube- 
type amplifier. Absence ofsound means that some component Ds 
is open or is shorted. Generally, a changed-value component 
will not produce a trouble of this kind. The usual trouble 
in a dead transistor radio, though, is a dead battery. Having 
a receiver with no output is really a stroke of luck since the 
trouble is stable and ordinarily easy to find. Other difficulties, 
such as low volume, distortion, or intermittent sound may 
take a little longer to trace. '‘Table 3-III shows some typical 
output stage difficulties (see Fig. 3-3). 

If you are confronted with a push-pull audio stage (Fig. 3-4), 
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Table 3-|1. Causes For Inoperative Audio Amolifier 


(See Fig. 3-2). 


TROUBLE 


Open voice 
coil. 


VOM_CHECK 


This doesn't happen often, but the voice 
coil leads can corrode at their connect ing 
points. Resistance check the voice coil 
with VOM function selector on OHMS and 
range switch in low position. Resistance 
reading should be close to zero. Dis— 
Connect one leadof voice coil when mak— 
ing this test. 


Open output 
transformer. 


Resistance check primary and secondary 
windings. Primary resistance should be 
higher than secondary. Primary winding 
is sometimes shunted by a capacitor. 
Resistance check both transformer and 
Capacitor with leads disconnected. 


Open emitter 
resistor 


Turn receiver onand advance volume con- 
trol to maximum. Measure voltage drop 
across emitter resistor. If no drop ap— 
pears, no current is flowing through tran- 
sistor. Voltage drop across emitter re— 
sistor will be small. Set VOM on low 
voltage range. Trouble could be due to 
open emitter resistor or shorted emitter 
resistor bypass capacitor. 


No forward 
bias. 


Measure voltage drops across forward 
bias resistors RI and R2. No voltage 
across these resistors indicates open 
Rl or R2, defective connection to bat— 
tery, or completely run—down battery. 


Open coupling 
Capacitor. 


Coupling capacitor Clmay be open. Shunt 
with an equivalent capacitor. | f capacitor 
is polarized, make sure to connect ca- 
pacitor correctly. 


Table 3-111. Causes For Typical Audio Amplifier 
Troubles (See Fiy. 3-3). 


TROUBLE 
No output 
signal. 


X 


No output 
Signal or 
intermit— 
tent sig— 
nal. 


Xx 


Low volume. 


x 


VOM_CHECK 


If you have the manufacturer's circuit 
diagram, set your VOM to the I0-volt 
scale and see howclose your measurements 
compare with those given. A missing volt— 
age means an open component. If the volt— 
ages at the transistor elements are higher 
than normal, the transistor is not con— 
ducting. 


A component show in Fig. 3-3 not il— 
lustrated in Fig. '3-2 isa headphone jack. 
Jacks for transistor receivers are tiny 
components which sometimes short. A short 
will kill the sound for both phones and 
speaker. Sometimes the short barely makes 
contact, -resulting,.in a/recetver that 
plays intermittently. 


Low volume, with distortion, usual ly 
means that the batteries are crying for 
replacement. Take a look at the emitter 
bypass capacitor, ahigh capacitance 
electrolytic. «If volume is low, a re- 
placement capacitor may be called for, 
Sometimes low volume is due to a com- 
bination of troubles. A weak battery and 
an emitter bypass that has opened or lost 
capacitance can collectively contribute 
lower volume. When replacing batteries, 
volume control should be in low position 
when set istuned to strong stations. If 
volume control must always be fairly well 
advanced, look for other troubles. 


Distortion. 


x 


Oscillation. 


A 


A weak battery usually produces dis— 
tortion. Check emitter resistor and the 
resistors supplying forward bias (RI and 
R2°in, Fig." S—3). 


Capacitor:C2 from collector to base is 
a neutralization capacitor. If open, 
Stage can oscillate. 
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Fig: 3-2- Single-ended transistor audio output stage. 
Once signal tracing has earmarked this stage as the 
troublemaker, a VOM can be used to localize the defec- 
tive componente 


— 41 
Fige 3-3. Another version of the single-ended 
transistor audio output stage. 


Fig» 3-4. Push-pull transistor audio Output stage. 
Servicing with the VOM follows the same technique 
used for the single-ended stage. 


Table 3-IV Causes For Push-Pull Amplifier Troubles. 


TROUBLE VOM CHECK 
No output. Service in the same way as for a single- 
ended stage. .f theset uses a”’PC board, 
conductors will beclose to each other and 
components will beclose together. Some— 


times transistors arewired in with long 
leads. These are very flexible and can 
short to each other. 


Squealing, Use a VOM to run a voltage check on the 
motorboating, battery. Set must be tumed on, volume 
or oscillation. | controladvanced. Remove Capacitor shunt— 

ing the battery (unsolder one lead). 


x Noti¢e if voltage, as indicated by VOM, 
increases slightly. If so,  replece 
Capacitor. 
Distortion. Resistance check RI and R2orelse check 
voltage drops across these resistors. 
Distortion will result if forward bias 
ve is incorrect. 


lookforthe same troubles plus a few more due to the additional 
tube or transistor (see Table 3-IV). Ina push-pull stage it's 
possible for one transistor (or tube) to work harder than the 
other. You'll never hear the difference until one output falls 
considerably below the othe r—then the sound will be distorted. 
Wrong voltages, or voltages that are too low, or a weak 
transistor (tube) are common causes. Ideally, push-pull 
transistors or tubes shouldbe replaced by matched pairs, but 
this is usually a dream, not a reality. 

To check the operation of a push-pull stage, use resistance 
and/or voltage measurements, just as you would with a single- 
ended stage. Notice that we haven't mentioned current 
measurements, as yet, for good reason. Current measure- 
ments mean that you must open a circuit. This often means 
soldering and unsoldering, or at least "breaking" a printed- 
circuit connection, something you should avoidif you can make 
other meaningful and fairly conclusive tests first. There's 
still another reason. Very few current values are given on 
schematic diagrams. Without some idea ofthe normal current 
value, a measurement has little meaning. 
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Fig, 3-5. Crystal diode detector stage. This 
stage is the only one in the receiver that 
does not rely on the battery supply for power. 


The signal received by the audio output stage, whether 
single-ended or push-pull, usually is supplied from an audio 
amplifier or "driver" stage. Sinceitis simply an audio amp- 
lifier and since it usually consists of a single transistor or 
tube, we can check it in the same way as thoughit were 2 
single-ended audio output stage. x 


The Detector 


The detector in a receiver is simply a diodecircuit, norm- 
ally a semiconductor as shown in Fig. 3-5. Its jobisto rectify 
a signal—eliminate one half of it (either positive or negative 
half). The output of the diode still contains both IF and audio 
frequencies. The filtering action of a single capacitor sepa- 
rates the two. The audio is sent along to the driver, while 
the IF signal is bypassed. Detector stage troubles which can 
be located with the help of a VOM are detailed in Table 3-V. 

The AGC line supplies a bias voltage that counteracts the 
forward bias of one or more IF stages. It doesn't take too 
much bias voltage change to alter the operating characteristics 
of either transistors or tubes. AGC troubles usually result 
in distortion or no IF output. Generally, the signal sounds 
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Fige 3-66 This circuit shows the relationship 
between the detector and the AGC controlled IF 
stage. 
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Fige 3-7. Component troubles in IF stages can — 


be located with the VOM. as 


q good when weak, but distorts on strong stations. Resistance X 
check R1 in Fig. 3-6. , 


The IF Section 


The IF amplifier section is somewhat similar to the audio 
section, but there are enough differences totreat the IF section 
as a circuit in its own right (see Fig. 3-7). Table 3-VI de- ye 
tails the sort of troubles commonly encountered intransistor 
receiver IF circuits and how a VOM can be used to find the 
causes. 


The Front End 


Transistor receivers use either an RF converter, or a mixer 
plus a separate local oscillator. The output, an IF signal, is 
the same in either case (see Fig. 3-8). If the oscillator does 
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Fige 3-8. Representative front end 
of a transistor receiver. A single 
triode transistor is used as the 
converter. Failure of the oscillator 
section usually means complete loss 
= of signal. 
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Table 3-V. Detector Troubleshooting Chart 
(See Fig. 3-5). 


TROUBLE VOM_CHECK 
No output. The diode in Fig. 3—5 does not depend on 
the battery or receiver power supply for 
voltage, sowecan forget about these as 
v4 farasno signal output isconcerned. Re— 
sistance check the volume control. Con— 


nect atest lead to one terminal and the 
other test lead to the center terminal. 
Rotate the armofthe control. The meter 
pointer should move back and forward 
smoothly. Look for abrupt jumps ormove— 
ment of needle pointer back to zero. 
Connect test leads across two outer 
terminalsof the volume control. | f meter 
pointer rgads zero, replace control. Make 
sure you know what the resistance of the 
control is supposed to be. For transistor 
receivers, control may have avalueof only 
2,000 ohms. For tube receivers, control 
may beup to 0.4 megohm or more. Knowing 
value of control resistance will permit 
you to set the range selector on your VOM 


properly. » & 


Resistance check primary and secondary 
windings of last IF transfommer. 


Disconnect one leadof the diode and make 
forward and reverse resistance checks. 
Look for a ratio of .100 to | or better. 


Capacitor shunted across volume control 
may be shorted. Disconnect one end and 


see what effect this has. > 


Weak signal. Often due to misalignment or "screw 
driver mechanic" adjustments. Connect 
VOM to read low AC volts across voice 
coil of speaker. Inject IF signal of 
~ proper frequency at input to stage pre 
ceding detector. Signal generator modu 

lation turned on. | 


Capacitor shunting the volume control 
may havetoo much capacitance. This some— 
times happens when receiver is serviced 
and capacitor is replaced. 


Table 3-Vi. IF Troubleshooting Chart 
(See Fig. 3-7). 


TROUBLE VOM CHECK 
No sound Open, citcult. int cone of the |F trans— 
output. formers, T! and T2. Resistance test with 
set turned off. Note that T2isa 5—termm 4 
% inal transformer, while TI has 4 term 
inals. 


|f any of the base bypass capacitors (Cl, 
C2, or C3) are shorted, signal will be 
killed. Resistance check these capacitors. 
Disconnect one lead of capacitors wen 


checking. 4 


Don't assume batteries are in place cor- 
rectly. They may have been removed or 
inserted incorrectly. If batteries haven't 
been replaced for a long time, look for 
evidence of corrosion at battery con— 


necting points. » 


Resistance or voltage check biasing re- 


sistors. 

Distortion. If stage is AGC controlled (those shown 
in Fig. 3-7 are not) measure AGC voltage 
by setting VOM on low voltage scale and 

tuning instrong signals and weak signals. 


AGC voltage varies with location and re- 
ceiver. 


not work, the result will be no sound out of the receiver. Gi 
the oscillator injection voltage is low, the output level of the 
speaker will be low and weak stations may not be audible. 
Troubles in the loopstick (antenna) may also produce an odd 
condition in which no broadcast signals are picked up but the 
receiver sounds "'alive'' because of amplification of noise volt- 
ages. Table 3-VII outlines front-end troubles which can be 
isolated with a VOM. 

While every possible receiver trouble has not been included 
in this Chapter, the information herein should give you a 
pretty good idea of how you canusea VOM in servicing. There 
are many other techniques, most of which you will learn 
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Table 3-¥VI1. Front-end Troubleshooting Chart 
(See Fig. 3-8). 


TROUBLE VOM CHECK 
No sound if battery is ok, ‘check local oscillator. 
output. Measure DC voltage across emitter resis— 
tor. Circuit shown in Fig. 2-8 uses PNP 
transistor so top end of RI is minus, 
aK groundendis plus. Polarity is opposite 
for NPN. 
Only single Check oscillator as mentioned above. |f 
station can station is strong enough, receiver works 
be picked up. somewat |ike tuned radio frequency set. 
Set sounds ' Variable capacitor plates may be touch— 
noisy when ing. Disconnect one wire from variable 
stations are capacitor andmake resistance check. !Set 
tuned in, es— VOM to read high ohms and connect one 
pecially at test prodtostator, other to rotor con— 
low end of nection. Turn receiver dial while watch— 
broadcast band. ingmeter. Meter should read infinite re— 


sistance. Ifmeter pointer flicks, rotor 
and stator plates are contacting. 


x 


through practical experience. As one example, if you are 
Servicing a receiver with a constant complaint of intermittents, 
you can check the printed-circuit conductors by connecting 
your test leads across the conductor ends, setting the VOM 
to read resistance, andthen gently flexing the printed-circuit 
board. You can use a VOM to check electrolytics. Set the 
VOM to read resistance, using one of the higher resistance 
ranges, and connect the test leads across the capacitor (con- 
nect red lead to positive end). The meter pointer will swing 
over to zero, then swing back toward the high resistance end 
ofthe scale as the capacitor charges. Of course, if the meter 
pointer moves over to the zero end and decidesto stay some- 
where in that vicinity, you need a new capacitor. 


Current Measurements 


Ordinarily, technicians avoid the use of the current-measur- 
ing section of the VOM since it means opening a circuit. There 
are times, however, when a current measurement is called 
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Fige 3-9- Method for checking 
the current drawn by a_ tran- 


sistor radio. 


* 


TO VOLTAGE AMPLIFIER 


for. Fig. 3-9, for example, shows a method for checking a 

transistor radio that's as easy as making avoltage or resist- 

ance check. Set the function selector to DC current and the 
/ range switch to some value that will permit you to read the 
\. current to be measured so the meter pointeris near the right- 
hand side of the scale. 

Manufacturers, in their circuit diagrams of transistor 
radios, sometimes supply data on battery current drain. In 
atypical receiver, for example, the total current drain is 
measured with the volume control set at minimum and with no 
signal input. The current drain under these conditions is 
usually quite small, in the order of a few milliamperes. To 
make the test, just connect the meter test leads across the 
switch, but keep the switch in its open position. If, for any 
reason, the current drainis substantially above that specified 
by the manufacturer, youhave a shorted or aleaky component 
somewhere. In transistor receivers one or more high-capac- 
itance electrolytics are shunted across the B-plus line. A 
leaky unit will increase current drain. Measuring total cur- 
rent in a battery-operated transistor receiver is easy, since 
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Fige 3-10. Method for setting output stage currente 


M 


you can shunt the test leads of your VOM across the switchas. 
shown in Fig. 3-9, or you can simply lift the snap-on con- 
nections to the battery. No soldering or unsoldering is neces- X 
sary. 

In some transistor receivers, especially auto radios, there 
is a variable controlfor setting the output transistor current. 
The amount of current to be taken by the transistor (if single- 
ended) or transistors (if push-pull) will be inthe data supplied 
by the manufacturer. Fig. 3-10 shows Rl as this variable 
control. Disconnect the ground end of R1 andinsert the meter 
leads. Before turning on the receiver, make sure the range 
selector on the VOM has been set high enough. The function 
selector should be on DC ma. Then adjust R1 until the meter 
reads the amount of current specified. 

Why bother measuring current if it means connecting and 
disconnecting components? There is one advantage. A DC 
current measurement has very little effect onthe circuit being 
checked. Since the meter is being connected in a series ar- 
rangement, the total current is the same throughout the cir- 
cuit and the meter. There is no question about the impedance 
of the meter being high enough. It is true the meter does add 
some resistance to the circuit being checked, but this is 
usually a trifling amount. In some cases you will find it 
necessary to disconnect components to make resistance checks. 
As long as you have one lead of the component disconnected 
anyway, it is no great problem to set your VOM on itsDC 
current function to check current flow. Some technicians have 
a prejudice against current measurements since they are in 
the habit of making voltage and resistance checks only. But 
if you keep an open mind about it, you may find opportunities 
for making current tests that will be both easy and useful. 


Tube Current Measurements 


Most of us like to think of tube current as a single current. 
Nosuchthing. Actually, the current flowing through a pentode, 
such as that shown in Fig. 3-11, consists of a number of 
currents. We have screen grid current, plate, control grid 
current (if the grid draws current), and cathode current. The 
cathode current is the sum total of all the other currents, so 
the only way in which you can measure the total current is by 
opening the connection to the cathode circuit and inserting a 
VOM in series with it. Set the VOM to a suitable range, with 
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Fige 3-11. In a pentode tube circuit, 
the cathode current is the sum of ali 
tube currents——plate, screen grid, 
and a small control grid current. 


the function selector set to read DC ma. You don't want any 
signal input to the tube since you wish to read a steady value 
of current. You can put the meter in series with the cathode 
either at the cathode end or the ground end of Rl—it makes 
no difference. dG 

If youwant to measure the plate current, open the connecting 
lead to the plate. To measure the screen-grid current, open 
the connecting lead to the screen. 

In the circuit of Fig. 3-12, a few electrons will manage to 
strike the control grid, even though it is biased negatively. 
These electrons will straggle down through the grid return 
resistor and will constitute some form of grid current. But 
you won't be ableto measure it with your VOM because it will 
be too small. In certain circuits, such as oscillators, the 
grid does draw current which you should be able to measure. 
The control grid also draws current in test instruments such 
as a grid-dip meter. 


> asl 


Fige 3-12. In making vol tage measurements, the VOM acts as a 
shunt loade Whether this effect will be serious depends on 
the amount of current shunted away from the tube by the VOM. 
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Batteries are acommon cause ofdifficulty intransistor sets. 
Making a voltage check of the batteries isn't always conclusive. 
If you know the current requirements of the transistor re- 
ceiver, a current check, with the VOM in series with the bat- 
tery and with the receiver turned on, will soon tell you if the 
batteries are capable ofdelivering current. The current drop 
will be sharp and decisive. 

Quite often a manufacturer will supply useful current data 
about his line of receivers. While this data is helpful for 
servicing, it is often ignored. If you know the current re- 
quireme nts of each stage ofa receiver, making current checks 
of individual stages may sometimes be the fastest and best 
way of localizing difficulties. Here is some information about 
a typical transistor set: 


Converter - average about 0.5 ma 


First IF ~ average about 0.5 ma, 
with no signal 


Second IF - average about 1 ma 
(with signal) 


x 


Audio preamplifier or 5-4 


driver ~ about 2 ma 


Class B amplifier ~ Idling current should be 
less than 5 ma. This 
will rise to about 40 ma 
or more with signal 


Circuit Loading ya ; 


It sounds almost silly to say it, but not all VOMs are alike. 


If you are out to buy a VOM, get one having a high input im- 
pedance, at least 20,000 ohms-per-volt for DC. VOMs.are 
available up to 100, 000 ohms-per-volt. How important is the 
input impedance? It depends on the circuit you want to check. 
Fig. 3-12A shows a VOM being used to measure the plate 
voltage of a tube. As you can see, the meter is shunted right 
across the tube. What effect will this have? Fig. 3-12B 
shows the tube and meter represented by a pair of resistors 
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10-VOLT RANGE 
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Fig. 3-13. Diagram showing the effect of a low- - a 


sensitivity voltmeter. HS /KAKOB o1A 


in parallel. In making the plate-to-cathode measurement, 
the meter reduces the total resistance inthe circuit. As a 
result, more current will flow through R1 and R2, which 
means the voltage drop across them will be greater than the 
meter disconnected. But what about the voltage between plate 
and cathode of the tube? Since the sum of the voltage drops 
across Rl, R2, and the tube must be equal to the battery or 
supply voltage, the voltage across the tube will decrease. 
But that is exactly what we are trying to measure. But how 
much will the plate voltage decrease? That depends on the 
impedance ofthe VOM. Thehigher itsimpedance, the smaller 
its shunting effect. O _ 

To understand the effects of circuit loading, refer to Fig. 
3-13A. For the values shown, the voltage between point P 
and ground should be half the battery voltage—6v. If a 1, 000 
ohms-per-volt meter set on the 10-volt range was used to 
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1,000 OHMS-PER-VOLT - 
50-VOLT RANGE 


Fige 3-14 A higher VOM range results in reduced 
circuit loading as shown here. 


measure this voltage, the circuit is no longer like that at A, 
but is like that shown at B. Notice that Rm, the 10K meter 
resistance (1,000 ohms-per-volt on the 10-volt scale), is in 
parallel with R2, which is also 10K. The resultant resistance 
is 5K, the effective resistance in series with R1, and th 
voltage from point P ground is nolonger half the battery volt- 
age, but is now 4v. / 

The effects of loading can be reduced by using a higher range 
than that actually required. This makes it more difficult to 
read the meter accurately because the needle is deflected only 
a small amount. However, the higher range increases the 
meter resistance and reduces the loading. In Fig. 3-14A the 
voltage is measured between point P and ground with a 1,000 
ohms-per-volt meter, but the 50-volt range is used. As 
shown in B the meter resistance Rm is now 50K, and this 
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RI 6v 20,000 OHMS-PER-VOLT 
|0-VOLT RANGE 


Rm 
200K 


Figo 3-15. Diagram showing how a sensitive voltmeter 
minimizes the effect of circuit loading. 


value combined with R1 results in an effective resistance of 
8,333 ohms. The voltage reading is 0. 1 volts, which means 
that the difference caused by the meter is much lower than that 

4 caused in Fig. 3-13. While the difference is too high for most 
applications, it shows that switching to ahigher range can re- 
duce the effect of circuit loading. 

Fig. 3-15 shows how a more sensitive voltmeter minimizes 
the effect circuit loading, since it requires less current for 
its operation. The voltage measured at point P and ground 
with a 20,000 ohms-per-volt meter indicates only slightly less 
than the applied voltage, 5.8 volts. With the voltmeter set 
on the 10-volt scale, Rm is 200, 000 ohms in parallel with Re, 
resulting in an effective resistance of 9,524 ohms. ‘0 Jee 
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Capacitive Circuit Loading 


Similar in effect to meter loading, capacitive loading of a 
circuit is caused by the test leads of the instrument being 
usedtomeasureDC voltage when RF is present—for example, 
when measuring the grid bias onalocaloscillator. Such load- 
ing is most noticeable whenthe test leads are effectively con- 
nected across a tuned circuit. The capacitance between the 
meter test leads can be large enough to cause detuning of the 
circuit. To minimize this type of loading, the circuit under 
test should be isolated as much as possible. This may beac- 
complished by adding a high-value resistor (usually 10K to 
100K) in series with the test leads. The resistor may be 

x clipped or wrapped aroundthetest prod. Although the voltage 
indicated by the meter will be influenced by the divider action 
of the isolation resistor and the meter resistance, thepresence 
of bias voltage at the grid of a low-power oscillator is suf- 
ficient evidence that the circuit is oscillating. Of course, 
when making such measurements it is better—and a greater 
degree of accuracy may be obtained—touse a VI VM (see Part 
II) with an isolation probe. 

The next section describes the VTVM and how you can use 
it most effectively. For many of the tests described, either 
a VOM or VTVM can be used, but whether either instrument 
can be used for the same test will be determined by three » 

x factors: (1) the kind of VOM you have; (2) the circuit to be 
checked; (3) your understanding of what the circuit can toler- 
ate in the way of loading by an instrument. 


XoPolo * 
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PART Il 


A 


THE VACUUM TUBE VOLTMETER 


x 


How It Works 


How To Use It »! 
Servicing With the VTVM X 
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CHAPTER 4 


TYPICAL RA TIVITY 


How a VIVM Works [mn 


The information you get from a VTVM—by reading the posi- 
tion of apointer on a scale——may be the truth or may be com- 
pletely misleading. You cannot, with assurance, connect a 
test instrument across a circuit ane expect to get annnfetciy 
accurate information unless you know how your instrument 
works, unless you know its limitations and, equally import- 
ant, unless youknow exactly what you are doing. Ideally, an 
\. instrument should have little effect on the circuit being checked. 
The vacuum -tube voltmeter (VTVM) fits this requirement be- 
cause of its high input impedance, measured in megohms, 
Yet, for allits capability, the VTVM is a simple instrument, 
The principle complexity lies in its switching circuitry. 

A typical VITVM is similar in many ways to the VOM. The 
principle difference is that it takes advantage of the amplify- 
ing properties of a tube or transistor. Thus, the VTVM 
is given a measure of responsiveness to small currents it 
could not possibly have otherwise. The VTVM can be used to 
measure AC and DC voltages, current, and resistance. But 
since these functions can also be performed by the usually less 
expensive and simpler VOM, whybother witha VTVM? There 
is a double answer to this question. The measurement range 
of the VTVM is much greater than that of a VOM. A repre- 
sentative VTVM would be able to measure up to 1, 500 volts 
DC or AC, make resistance checks up to thousands of meg- 
ohms, and could have a current range from milliamperes to 
amperes. Also, theinput impedance, typically 11 megohms, 
is constant over the entire DC voltage range. 


The Basic VTVM Xx 


Before we start examining the various circuits of a VIVM 
| let's get an overall picture (see Fig. 4-1). The heart of the 


\ 
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VTVM is a meter. 
ment, 
scale deflection. 


This could be an ordinary 0-1 ma move- 
requiring 1 milliampere of direct current for full- 


Such a meter movement, by itself, has a 


sensitivity of 1,000 ohms-per-volt. The arrangement in Fig. 
4-1 will permit three different types of input: AC volts, DC 


volts, and ohms. 
measuring input, 


vider networks are 


Not shown is the possibility of a current- 
Following each input is a divider network. 


These are resistive circuits which act as ''reducers" to limit 
the amount of input fed to the measurement circuit. 


The di- 
adjustable by means of the range selector 


on the front panel of the instrument, K~ 
Following the divider networks is the switching circuit used 


to select particular functions. 
trol is labeled function or selector, or function selector. 


AC. SIGNAL 
RECTIFIER 


AC. 
VOLTS 


RESISTOR 
DIVIDER 


On the front panel this con- 
This 


DC. 
MILLIAMMETER 


RESISTOR RANGE 
DIVIDER SELECTOR 


i) 
FUNCTION 
oO SELECTOR 


POWER 
TO AC. 
SUPPLY | pOwER 
—J LINE 


CIRCUIT 


RANGE 
SELECTOR 


Fige 4-1. Block diagram of a basic VTVM. 


is the first control to be set when operating the VTVM. The 


next step is toset the range selector control, 
this to its maximum position and then rotate it to some lower 
range until the meter pointer moves to about the center scale. 
From the function selector, the input is fed into a semicon- 


It is best to set 


ductor or tube circuit which receives its operating power from 
an internal power supply. 


DC Voltage Range Selector 


The block diagram of Fig. 4-1 shows us that the basic idea 


of a VTVM is quite simple. With it we can "sample" some 
type of input, whether voltage or resistance (or current), and 


select the amount 


control. Thefunction selector allows us to choose the kind of 
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we want to measure by means of a range 


Xx 


) 


) 


/ 
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input we want to measure. Now that we have this overall 
“ view, let's examine some of the circuit details, starting with 
* the DC voltage divider. 

Fig. 4-2 is a circuit diagram of a voltage divider network. 
The DC probe is a separate unit and consists of a 1 megohm 
resistor built into a shielded housing. If your VTVM comes 
supplied with a probe for DC voltage measurements, it should 

& used, since calibration of the meter scale is based on the 
probe as part of the divider network. XK 

Now let's see how this circuit works. With the DC probe 
connected and the function selector set to read DC volts, the 

4 divider network of Fig. 4-2 is active, while the dinmare for 
AC and resistance measurements are inactive. Notice that 


METER 


Fige 4-2. DC voltage divider section of 
a VTVM. The function selector switch 
has been omitted. 


RANGE 
SWITCH R 
O O 


| MEGOHM 


the DC voltage to be measured is applied across the entire re- 
sistance network, including the test probe. Thus, the input 
impedance is always the same, regardless of the range 
selected. Thetotal here is 11 megohms. Some VTVMs have 
an input resistance of 25 megohms. The higher the voltage, 
the greater the amount of divider resistance required. Thus, 
ce proper setting of the range switch the amount of voltage fed 
intothe VTVM circuit will always be within set limits, regard- 
less of the actual magnitude of the voltage at the probe tip. The 
R-C filter following the voltage divider, consisting of a re- 
sistorandacapacitor, acts to bypass AC voltages which may 
exist at the DC voltage poitits being checked. 
Without the probe, the input impedance of the VTVM of Fig. 
4-2 is 10 megohms. Since this impedance is far higher than 
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that of most VOMs, why bother with a probe? There are. 


several reasons. If we used ordinary covered wire for test 
leads, instead of the probe, we might pick up some stray 
magnetic fields. This could induce a voltage across the test 
leads, producing an inaccurate meter reading. This problem 
is eliminated with the probe since it, and its connecting cable, 
is shielded. Using shielded wire, though, introduces a 
problem of its own: The capacitance of the shielded wire may 
detune circuits being checked, and this in turn could affect 
the DC voltage measurement. The 1 megohm resistance in 
the probe acts to isolate the capacitance of the connecting 
cable from the circuit being checked. For this reason the 
probe is often referred to as an isolation probe. Of course, 
it is also called a DC probe. \ 


DC Voltage Measurement 


Fig. 4-3 shows the VIVM being used to measure the voltage 
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Fige 4-3. The polarity of the voltage across the load 

is determined by the direction of the current flowing 

through ite 
drop across a resistor. The arrow indicates the direction of 
current flow and we can see that the movement of current is 
such that the bottom end of the resistor is positive in polarity 
with respect to the top end. 

Now this creates a minor problem. With the test probe con- 
nected as shown the current through the divider network will 
flow in the "negative''direction. This means the meter pointer, 
instead of moving up-scale, will move toward the left. There 
are two ways to meet this situation. We can transpose (Fig. 
4-4) the test probes; however, most VTVMs have a plus- 
minus control on the front panel which gives the same result. 
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Thus, in making DC voltage measurements with a VITVM we 
must first concern ourselves with the things we must do be- 
fore making any checks: 
1. Setthe function selector to its proper position—that is, 
set it to the DC volts position. & 
2. Setthe range selector to its proper position. The safest 
procedure is to set this control to its maximum voltage 
position, 
3. Decide whether the voltage we are going to check is plus 
orminus. This is easytodo if we know the direction of cur- 
rent flow (from minus to plus). f? 
Fe ee 
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Loading Effect 


Whenever a VTVM or VOM is used to measure voltage, the 
instrument ''takes'" a small amount of current away from the 


Fige 4-4. It is important to know the polarity of the 
DC voltage before making a test 


circuit being checked. But any component or instrument that 
requires current acts as a load on the circuit being checked. 
The more current required by the test instrument, the greater 
is its loading effect. Whether this is serious or not depends 
on the ratio of the amount of current being ''borrowed" versus 

( the total amount of current available. It is generally desirable 
to load the circuit being tested as little as possible. The 
VTVM meets this requirement for just about all service func- 
tions. 

Fig. 4-5 shows that the VTVM, with the function selector 
set to measure DC voltage, does draw current from the cir- 
cuit being checked, Although the meter used in the VTVM 
might require as much as 1 milliampere for full-scale de- 
flection, the amount of current passing through the high-re- 

— voltage divider is usually in the order of microam- 
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If we now set the function selector of the VITVM to read re- 
sistance, we will be using the circuit shown in Fig. 4-6. This 
circuit resembles that in Fig. 4-2, but there are some dif- 
ferences. In making DC voltage measurements, itisnecessary 
that the circuit be checked in its "live'' condition. But in 
making resistance checks, the circuit being tested must have 


Resistance Measurement 


METER Fige 4-5. The VTVM loads the 
circuit being checked since 


it takes away some of the 
currents The arrows show the 
direction of current flow 
through the voltage divider 
in the VTVMe 
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its power off. How, then, do we obtain the power for making 
resistance checks? This is supplied, as shown in Fig. 4-6, 
by a small battery. We are using a 3-volt source here, but 
some VIVMs use only1.5 volts. Basically, though, the idea 
isthe same as that in Fig, 4-2. We are going to send a cur- 
rent through the divider network, using voltage supplied by a 
battery inside the VIVM instead of from the circuit being 
checked, 

To understand the operation of the divider of Fig. 4-6, let 
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us suppose that we have not as yet connected a resistor across 
the test leads. Since there is no return path for the current, 
there is no current flow. If we now connect the test leads 
across a resistor, current will flow from the negative ter- 
minal of the battery, through the resistor being tested and 
the divider network to the positive terminal of the battery. 
Thus,: avoltagedropis produced across the divider network. | 
It is this voltage drop that is used in making the istics 
f andnot the actual value of the resistor. That is why the cir- 
“ cuit of Fig. 4-6 so closely resembles that of Fig. 4-2. Es- 
sentially, they bothworkthesameway. At this time, though, 
we read resistance on our meter scales. The resistance 
scale of the meter is calibrated using Ohm's law as a basis, 
If we know voltage and current, itisno great difficulty to cal- 
culate resistance. 


AC Voltage Measurement Ki 


Whether or not we can measure the actual value of an AC 
voltage depends on its waveshape and frequency. While the 
meter may indicate the presence of voltage, the sz may be YK 


many have no further meaning—that is, the reading may be 
completely incorrect and misleading unless we know some- 
thing about the design of the particular instrument, its limita- 
tions, and the shape of the voltage wave to be measured. 

An AC voltage can have almost any waveshape. Those 
shownin Fig. 4-7 are symmetrical—that is, the positive and 
negative portions arethesame. Generally speaking, a VTVM 
will measure such AC voltages with a fair amount of accuracy, 
particularly when they are pure sine waves. Usually, VTVMs NG 
are designed to measure either rms or peak-to-peak values. 
The peak-to-peak value is the difference in level between the 
positive and negative peaks. The rms value is approximately 
70% of the peak value (between one peak and zero level). Fig. 
4-8 shows the difference between rms and peak-to-peak. If 
your instrument is the type that is calibrated in rms values, 
you can calculate the peak-to-peak voltage by multiplying rms 
readings by 2.83, 

Fig. 4-9 shows asimpledivider network used for measuring 
AC. The AC voltage is passed through a rectifier, then ap- 
plied to a resistive divider’ network of the same type used to 
make resistance and DC voltage measurements. The DC cur- 
rent at the output of the rectifier flows through the divider and 
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the resulting DC voltage is measured, For peak-to-peak 
measurements, adual diode circuit such as described in Chap- 
terlisused, providing DC current pulses for each half cycle 
of the input AC voltage. 


VTVM Circuit 


The VTVM circuit receives the same type of input no matter, 
what the position of the function selector—a DC voltage. This | 
is a distinct advantage because the same input circuit can be 
used for measuring resistance or DC and AC voltages. No 
matter what we measure, we can regard that input as a sig- 
nal. 

Fig. 4-10 shows abasic VIVM circuit. By taking advantage 
of the amplifying properties of a tube or a transistor, we can 
useasmall signal input to give us a large signal output. As- 
sume forthe moment that the instrument is set up but not con- 
nected to make any measurements. The positive voltage on the 
plate of the tube, furnished by the power supply, will cause 


Fige 4-141. Transfer characteristic 
curves for a triode. 
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current to flow through the meter, thus causing the meter 
pointer to move forward. To counteract this, a voltage is 
placed across the meter. This voltage tries to force a cur- 
rent through the meterin opposition to the plate current of the 
tube. Thus, with the help of a variable resistor called a 
\ zero-set control, the meter movement can be made to read 
zero, 
To understand what is happening we must consider the trans- 
fer characteristics of a vacuum tube. The family of curves 
in Fig, 4-11 (alsoknown as mutual-characteristic curves) are 
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for atriode. These curves are a plot of grid voltage versus 
plate current, showing the effect grid voltage has on plate cur- 
rent. In a VTVM the grid voltage is the ''signal'' voltage or 
the "sampling" voltage picked up by the test leads. 

The disadvantage of the circuit in Fig. 4-10 is that it re- 
quires a separate voltage source to zero-set the meter. We 
can eliminate the battery by using the VTVM circuit in Fig. 
4-12, Tounderstand howthis circuit works, let us first con- 
sider the bridge circuit in Fig, 4-13, The circuit consists of 
resistors Rl, R2, R3, and R4, plus a voltage source and a 
meter. Current will flow through the meter only when point 
A is at a higher potential than point B. If A and B are at the 
same voltage, current will not flow through the meter. To 


A 


Fige 4-13. When this bridge is balanced, 
current does not flow through the meter. 
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| balance the bridge—thatis, to arrive at a null point or zero- 
“ geetsmeniiek point—one of the resistors, which could be called a 
zero-set control, is made variable. 

When current leaves the negative battery terminal, it will 
divide at the junction of Rl and R2, and the divided current 
will continue —some of it flowing through R3 and some through 
R4, The current reunites again at the junction of R3 and R4 
and returns to the battery. In flowing through the resistors 
the current produces a voltage drop across each of them. If 
the voltage at point A is exactly equal to that at point B, cur- 
rent will not flow through the meter, since there can be a 
current flow only when a difference of potential exists. By 
adjusting R4 the voltage at point A can be made exactly equal 
to that at point B. 

In Fig. 4-12 the bridge consists of R1 (zero-set control), 


a 


Fige 4-it. The circuit of Fig. 
4-12 rearranged to show bridge 
lit configuration. 


R2, R3, and the cathode-to-plate resistance of the tube. This 
bridge arrangement is redrawn in Fig. 4-14; the cathode re- 
sistor and its bypass capacitor have not been included, but 
since these components are external to the bridge and in series 

| with it, they do not affect bridge action. Thus, considering 
the VTVM circuit in Fig. 4-12, we can still zero-set the 

\ meter. In all other respects, though, the action of the cir- 
cuit is the same as that in Fig. 4-10. 

While VITVM circuit of Fig. 4-12 eliminates the difficulty of 
having a separate battery for zero-setting, it also has some 
problems of its own. One is a tendency to drift. After the 
meter has been zero set, it would be nice to assume that the 
pointer will remain on zero. However, if the instrument is 
used for any length of time there is a tendency for the pointer 
tomove awayfrom zero, Thisis particularly true when shift- 
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Fige 4-15. Dual balanced-triode circuit. R5 is the 
zero-set potentiometer. 
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Fige 4-16. This simplified cir- MY 
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cuit of Fige 4-15 shows the 
bridge arrangement. 


Fige 4-17. A VTVM bridge with 
the meter in the cathode cir- 
Cuite 
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, ing the range switch. Consequently, with VTVMs using the 
circuit of Fig. 4-12, it is necessary to adjust the zero-set 
\ control fairly often. 

The balanced circuit, using a dual triode shown in Fig. 4- 
15, eliminates this difficulty. The first triode section serves 
as amplifier just as in the previous circuit. The second half 
of the triode is actually part of the meter circuit itself. In the 
absence of a signal—that is, with no DC voltage input—hboth 
tubes, V1 and V2, draw about the same amount of current. 
The control grid of V1 is connected to the resistor divider net- 
work, When there is no current flowing through this network, 
the control grid of V1 is effectively connected to the B-minus 
bus, as is the grid of V2. Current will flow through both 
triodes, and with proper adjustment of R5 the voltage at the 
top end of R4 will be exactly equal to the voltage at the bottom 
end of R6. Thus, no current flows through the meter. This 
circuitis better than the one in Fig. 4-12 because any varia- 
tion in line voltage or power supply will affect V1 and V2 
equally. As a result, once R5 has been set to zero, changes 
will be cancelled and the meter pointer will remain on zero. 

Let's assume the VTVM is connected to a DC voltage, put- 
ting a positive voltage on the control grid of V1, thereby 
causing its plate current to increase. This current will flow r) 
through R4 and part of R5, making the(top) end of R4 highly 

‘ negative. The grid of V2 remains permanently connected to 
B minus, therefore, it does not receive any part of the input 
signal. The increased plate current of V1 also passes through 
R3 and helps supply part of the bias voltage for V2. As more 
current flows through R3, its top end becomes more positive. 
This makes the cathode of V2 more positive and at the same 


time the control grid of V2 more negative. But as the control ®@ 
grid of V2 becomes more negative, the current through that 
sectiondecreases, andasa result there is less current flow- 0 
ing through R6 and part of R5. This makes the bottom end of "y 


- R6 less negative or more positive. Now we have the top end 
of R4 at a more negative potential and the bottom end of R6 at 
\a more positive potential, resulting ina difference of potential 
across the R4, R5, and R6 network. , This voltage will drive 
a current through the meter. 
Although it may not be sane Shy circuit of Fig, 4-15 is 
a bridge arrangement, as is apparent in Fig. 4-16. There 
is one difference, however; another variable resistor, R7, 
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has been added. This component is known as a calibration 
control and is an internal adjustment. In using the VTVM 
zero-set control, R5 is adjusted (with no DC voltage input to 
V1) until the meter pointer rests at zero. The test leads are 
then connected to a source of known voltage (for example, a 
fresh dry cell). R7 is then adjusted until the meter pointer , 
reads this exact amount of voltage. Some VTVMs have separate 
calibrating controls for functions such as plus DC volts and/ 
minusDC volts. The calibration controls are mounted inside 
the instrument and usually havea slotted shaft to accommodate 
asmall screwdriver. There is no calibration control for the 
resistance measuring section of the VITVM, but usually both 
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Fige 4-18. Resistance—-measuring circuits of a VTVM. The 
zero-adjust and ohms—adjust are front panel controls. 


ohms-adjust and zero-adjust controls are provided as front 
panel adjustments. \ 

Fig. 4-17 shows another type of bridge circuit with the in- 
dicating meter in the cathode circuit. The method of operation | 
is exactly the same as in Fig, 4-16. . 


The Ohmmeter Section 


Essentially, aVTVMcanbe considered as having three cir- 
cuits which work together—a resistive divider circuit, a 
VTVM circuit (usually a bridge arrangement), and a power 
supply. Fig. 4-18 shows the resistance-measuring section of 
aVTVM. When thefunction selector is in its resistance posi- 


90 


tion, the components shown are the only ones in operation, 
A 1,5-volt celldrives a current through the resistor selected 
by the range switch. This current exists only when the input 
testleads are shorted or if a resistor (or other conductor) is 
placed across the input. The voltage or IR drop produced by 
this current, as it flows through one or more of the divider 
resistors, is applied to the control grid of the first triode. 
Asaresult, the bridge becomes unbalanced and current flows 
through the meter. The movement of the pointer will be pro- 
portional to the resistance being measured. 

There are twocontrols of interest in the resistance-measur- 
ing section —the ohms-adjust and zero-adjust controls. Both 
are front panel controls. The zero-adjust control is set with 
the test leads shorted, producing full-scale deflection of the 


™ CALIBRATION 
bie CONTROL 
SWITCH exexe) 


MA. 


—jO-!| MA DC 
CURRENT METER 


10 AMPS 


COMMON OR GROUND 


Fige 4-19. The current measuring section (for DC 
Only) is the simplest of all the circuits in the 
VTW. The divider shown here is simply a shunt 
across the meter. Resistor Ris an internal cal- 
ibration control adjusted at the factory. 


meter, The ohms-adjust control is set with no connection 
across the input, with the input open circuited. 


Current Measurements 


Not all VTVMs have a current measuring feature. Those 
that do utilize shunt resistor circuits similar to those described 
in Chapter 1 for the VOM. If the current to be measured is 
substantial —in the order of amperes —it is important that the 
connections be secure and substantial, since poor contact 
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Fige 4-21. A simple half-wave power supply using 
an R-C filter. 
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Fige 4-22. A full-wave power supply with constant 
voltage output 


controlled by voltage regulator 
(VR) tubes. 
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means a high resistance at the connecting points. This can 
produce a voltage drop which will affect the readings. When 
measuring current, the bulk of the circuitry of the VTVM— 
such as the triode amplifier and the power supply —are com- 
pletely omitted. As you can see in Fig. 4-19 all we have is 
the meter itself, plus a shunt divider network. In the voltage 

/ and resistance functions the current flowing through the divider 
section produces a voltage which acts as a signal or bias for x 

“a bridge-type triode amplifier. In Fig. 4-19, though, the 
divider is simply a shunt across the meter. Neither the in- 
ternal power supply nor the battery used for measuring re- 
sistance are required. 

It is interesting to note that in its current measuring function 
there is notrue VI VM action—that is, we donot take advan- 
tage of the amplifying action of the tube or transistor amplifier 
section of the instrument. All the range selector does is to 

. control the amount of shunt resistance across the meter. The 
least amount of resistance is placed across the meter when 
the range switch is in its maximum-current (10 amperes) 
position. Maximum current through the meter is 1 milli- 
ampere for this particular meter. 

Notice that only DC current is to be measured. There is no 
provision for measuring alternating current. The current 
measuring circuit of the VTVM is the simplest of all the cir- 
cuitsinthe VITVM, but for that reason it is perhaps the most 
vulnerable. If, for example, the range selector is set to 
read 3 ma when it should be at the 1 amp position, there is a 

\good chance of meter burnout. The safest procedure, as in 
the case of voltage measurements, is always to keep the range 
switch set on its maximum ne 


_ Zero-Center VTVM aA 


Most service-type VTVMs are designed so that the voltage 
scales of the instrument start with zero on the left-hand side. 
Thus, when you touch the isolation probe to a negative volt- 
age point when the instrument is set to read a positive voltage, 
the needle will go off scale. There are times when you want 
to use a meter to zero-adjust a circuit, such as a discrimi- 
nator. The zero-center scale VTVM avoids this difficulty. 
In this instrument, zero is at the center of the meter scale. 
The disadvantage, of course, is that the effective length of 
the scale is cut in half. Unless a rather large meter face is 
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used, this tends to make the numbers and divisions on the. 
meter scale somewhat cramped. Thus, a meter scale which 
would normally have a total length of 6 inches (in the form of 
a slight curve) would have a working length of only 3 inches / 
when zero center is used. 

‘Fig. 4-20 shows the basic circuit of a center-reading VTVM. 
This arrangement is for the DC voltage section of the instru- 
ment only. Notice that the meter is the same type described 
in connection with other VTVM circuits. The meter is con- 
nected in the cathode circuit of the triode. With no voltage \ 
input the meter reads a certain amount of current, depending 
in part on the setting of the wirewound calibration control. The 
calibration control can be set so that the meter pointer is at 
center scale, 

If the voltage being checked by the test probe is negative, 
the voltage will be applied to the control grid of the triode 
through the resistor divider network. But a negative voltage 
will reduce the current through the tube. When this happens, \ 
the meter pointer will move away from its center position 
toward the left. If the voltage picked up by the test probe / 
should happen to be positive, the meter pointer will move to 
the right of zero, Notice that in an instrument of this kind, 
current always flows through the meter, even in the absence 


of a DC input voltage. 4 ‘ f. 
e } € 


VTVM Power Supplies 


The power supply for a VTVM may use either a semicon- 
ductor or vacuum-tube rectifier. Some of the supplies, such 
as the one shown in Fig. 4-21, are quite simple, using a 
half-wave rectifier. A small amount of positive voltage is 
tapped off the power supply bleeder. This voltage is used to 
counteract the effects of the contact potential of the diode 
rectifier used when the instrument is set to measure AC volt- 
age. The disadvantage of this circuit is that the output volt- 
age will change with fluctuations in the line voltage. It may 
also change when the range switch of the VIVM is rotated. 
Instruments using a power supply of this type may also re- 
quire readjustment of the zero-set control each time the range 
switch is changed. In some test instruments a dual diode is 
used, one half as a rectifier in the power supply, the other 
half of the diode as an input signal-voltage rectifier when the 
function selector switch is set to read AC volts. 


gu 


Fig. 4-22 shows a more elaborate supply used in better grade 
test instruments. A full-wave rectifier is used, plus an 
elaborate filter. Inaddition, gas-tube voltage regulators are 
y used to maintain a constant DC supply voltage. The power sup- 
plies insome laboratory-type VTVMs are quite elaborate. The > 
“power supply may use a gate tube (for maintaining constant 
DC output) in addition to a gas-tube regulator. Also, there 
may be a power supply to furnish DC for the tube filaments. 


Transistorized VTVM 


Transistors can be used in VT VMs with the particular advan- 
tage that the instrument can be made independent of the AC 
power line. With transistors, and a small battery to supply 
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Fig. 4-23. Transistorized VTVM using a pair of 
direct-coupled transistors. 


voltage, the VITVMcan be made small enough and light enough 
to be truly portable. Fig. 4-23 shows the arrangement of a 
pair of transistors used in a VTVM for the measurement of 
DC voltages. Atthe input, as in a tube-type VIVM, we have 
the usual resistive voltage divider with values selected by the 
range switch. TheDC voltage is fed to the base-emitter input 
of anNPNtransistor. The current through the first transistor 
is determined by the amount of DC voltage applied. The out- 
- put of this transistor is directly coupled to the following PNP 
stage. Amplification takes place in both transistors. The 
meter is connected into the familiar bridge-circuit arrange- 
ment, consisting of the emitter-to-collector resistance of the 
second transistor, resistors Rl and R2, and potentiometer 
R3. The meter, of course, is connected across the bridge. 


> 
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CHAPTER 5 


x 
How to Use a VIVM 


There are usually four controls on the front panel of a typical 
VTVM—function and range selectors, a zero-adjust control, 
and an ohms-adjust control. The front panel in the layout in 
Fig. 5-1 also shows the location of the test lead terminals and 
should help in identifying the controls and jacks on any VTVM. 
Before attempting measurements the VTVM should be allowed 
to warm up for a minute or two. When the power is first 
turned on, the meter pointer may swing to the right then drop 
back to zero, If it doesn't, rotate the zero-adjust control to 
position it at zero. When the function switch is turned to the 
ohms position, the meter pointer will swing to the far right 
(infinite resistance) and come to rest at the last division on 
the scale. Ifitdoesn't, rotate the ohms-adjust control, Also, 
before making resistance measurements, the zero-adjust 
control should be used to make sure the pointer rests at zero 
(left) when the test lead tips are touched together. It shouldn't 
take more than one or two settings of the ohms-adjust and the 
zero-adjust controls to have the meter pointer rest at zero 
and infinity. But these controls do interact, and if you get 
adjustment at one end of the scale and not at the other, the 


instrument probably needs a new battery. VAN 


Precautions in Use 


There are several precautions that should be observed in 
using a VTVM—precautions against dangers that may be lurk- 
ing in equipment to be tested. There are certain electronic 
components that could possibly be damaged by the VTVM in- 
ternal battery voltage during resistance measurements —ther- 
mocouples, tubefilaments, and some semiconductors —even 
though the battery voltage is low. When the VTVM is not in 
use, rotate the function switch away from its resistance set- 
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/ ting so that the batteries aren't accidentally discharged. eG 
. is nodrainon the battery when the meter is set to read volts. 
It is important to use the right ohmmeter scale when measur- 
ing resistance or continuity. If a high range is used, a low- 
resistance part or a poor connection will show up as a full- 
scale or a closed-circuit reading. Use the high range only 
when checking high-resistance circuits. If a low range is 
“used, a fairly high resistance will give the same reading as 
anopencircuit. The resistance value will be known approxi- 
mately, either byits markings or circuit information; there- 
fore, the range that will give approximate half-scale indica- 
tions should be used. Another precaution is to be sure that 
the fingers do not touch the ends of the test prods, because 
the resistance of the body will cause an inaccurate indication 
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Fige 5-1. Typical VTVM front panel layout. 
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on the ohmmeter. Sorieunicss a resistor will have normal re- 
sistance when itiscold, but will change value as its tempera- 
ture rises. Measure the voltage across it as soon as the power 
is turned on and also afterit warms up. If the voltage changes 
considerably over a short period of time, the resistor may 
be changing in value and should be replaced. 

In checking voltages on transformerless equipment, be 
especially careful about assuming that the metal chassis of the 
equipment is neutral or ground—it may have power Line volt- 
age on it. This would be the case in an AC-DC receiver with 
the plug in the outlet the ''wrong"' way. Attaching the ''cold" 
or ground test lead tothe receiver chassis may have the effect 
of putting full line voltage on the metal case of your instru- 
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ment. There are two ways to avoid this situation. Check for 
any AC voltage between the chassis and ground (a cold water 
pipe, etc.). If you measure any voltage the chassis is hot, 
and the line plug should be reversed in the socket. A better 
method, though, is to use an isolation transformer “y? 


the power line and the equipment nt under test. (4 K Vor 
ANO « 


DC Voltage Measurements 


The circuit of Fig. 5-2 shows a pentode amplifier labeled 
with various test points. To measure the plate voltage (the 
voltage existing between the plate and the cathode), connect 
the ground clip of the isolation probe to the cathode (point B). 
With the function and range controls set to the highest DC 
voltage range, touch the probe tip to point A. To measure 
the screen grid voltage, the ground clip would remain at point 
B. The tip of the test probe would simply be moved to point 


b+ Fige 5-2. Schematic showing DC voltage 
= test points ina pentode tube circuit. 


C. The voltage drop across the cathode resistor is often so 
small that most technicians, for the sake of convenience, 
connect the ground clip of the probe to the chassis (point G). 
If the screen and plate voltages are fairly high, 100 volts or 
more, and the drop across the cathode resistor is just a few 
volts, the small error is of little concern. 

There are two ways of measuring the bias voltage—the DC 
voltage difference between control grid and cathode (between 
points F and B). There may be some current flowing through 
the resistor between the control grid and ground but this is 
generally so small it can be ignored. To measure the bias, 
connect the ground lead of the isolation probe to ground (point 
G) and touch the test probe tip to the cathode (point B). Or, 
you could connect the ground clip to point B and touch the probe 
tip to point F. In this case, the voltage is negative, so the 
polarity switch must be in the minus position. Either method 
is satisfactory, although the first is easier. 

Rl is the screen dropping resistor and R2 is the plate load. 


2 Gia 


Thedirection of current flow through these resistors is indi- 

cated by the arrows. This tells us the polarity of the voltage 

drops. To check the voltage across Rl, connect the ground 

clip of the isolation probe to point C and then touch point E 

with the probe tip. To measure the voltage across R2, move ‘ 
{tne ground clip to point D and then touch point E once again 

with the probe tip. You also can measure the voltage drop 

across these two resistors with the ground clip connected at 

point E and the VTVM voltage polarity poke: in 2 O83 inus 

position. 

These voltages are supposed to be DC. However if the ‘is 

is amplifying a signal the AC modulation may have some effect 

on the measurement, The screen grid and cathode resistors 

are generally bypassed with capacitors, so the DC voltages x 
& these elements should not be affected. The grid and plate 

voltage measurements will be altered, however. To avoid 

this, short the antenna to ground. X 


Testing Power Supply Voltages 


Fig. 5-3 shows how to test a full-wave rectifier with a filter 
and avoltagedivider. The maximum DC output voltage of this 
supply is between point Aand ground. Connect the ground clip 
of the probe to the power supply chassis and touch point A with 
the probe tip. If you move the probe tip to point B you will 
read aslightly lower voltage due to the drop across the choke 

_ coil, The resistor network across the output of the power 
supply acts both as a voltage divider and as a bleeder (to dis- 
charge the filter capacitors). By touching the test probe to 

ee C and D you can check the voltage drops across this 
voltage divider. The arrows indicate the direction of direct 


current flow. This makes the bottom (ground) end cai 


Fig. 5-3. AC and DC voltage test points are shown in this 
typical power supply schematic. 
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Fige 5-4. Schematic showing AC voltage test points in a. 

typical AC-DC receiver 
divider negative with respect to the top. It also makes point 
B negative with respect to point A. We can measure the volt- \ 
age drop across the filter choke by connecting the ground lead / 
to point B and the probe tip to point A. % 

To measure AC voltages, rotate the function selector and 
set the range control tosome high setting. Connect the ground 
lead to point G (or ground) and the other test lead to point E, 
then to point F. Each of these readings indicates the voltage 
of one half of the secondary winding. To-determine the full 
voltage, multiply one reading by 2, or add the two readings. 
The input or primary voltage can be checked by connecting the 


V. T.V.M. 


Fige 5-5. A leaky or shorted coupling capacitor 
in a circuit such as this will apply a positive 
voltage to grid of the succeeding tube. 
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| test leads across points H and J. Normally, this will be 110 
A to 120 volts rms. 


. 


Testing Filament Voltages 


Since the filaments of the tubes used in AC-DC receivers are 
connected in series, a single open filament means that none 


of the tubes in the receiver willlight. The problem then arises x 
% 


tubes, oneatatime, until the defective component is located. 
This method takes time and assumes you have the necessary 
tubes on hand, An easier technique is to use your VTVM. 
Set the instrumentto read AC volts. Adjust the range selector 
so that you can read the line voltage somewhere around center 
scale. Turnthe receiver on and check the reading across the 
filament terminals of eachtube. Anytubethatis in good work- 
pst oben 
ing order will not produce a voltage indication on the meter. 
The tube that is defective, however, will read almost full 

+ line voltage. The technique for this test is diagrammed in 
Pig Oc. 

\, Of course it is possible that the trouble may not be due to a 
tube, but caused by adefect in the power switch or in the con- 
necting AC cord. Inthat case, connect your test lead to point 
A in the diagram, and then successively touch points B and 
C. If there is no voltage between points A and B, then the 
trouble is either in the line connecting to the power outlet, in 
the plug, or possibly in the outlet itself. If there is voltage 
between points Aand B, measure between points A and C with 

. the switch closed. If there is no voltage, the switch is de- 

e fective. 

— 

Checking Coupling Capacitors 


& isolating the defective tube. One method is to substitute 


A coupling capacitor, such as the one shown in Fig. 5-5, 
has B-plus voltage on one side and returns to ground through 
a resistor on the other. While the function of the capacitor 
is to transfer the signal from one stage to the next, it must 
work under the constant strain of a DC potential. To this 
stress, add temperature, dust and dirt, plus the fact that 
capacitors usually work near the limit of their voltage rating, 
and you have a likely trouble spot in radio and television re- 
ceivers, 

To check the capacitor set your VTVM to read DC volts. 
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Set the range selector so that you can, if necessary, read 
the full B-plus voltage of the receiver. Connect the ground 
lead of the instrument to the chassis or B-minus line of the 
receiver. Using theDC test probe, check the plate side of the 
capacitor and then the side connected to the control grid of the 
following tube. Remove the tube from its socket. The DC 
voltage at the grid end should read zero. Rotate the range 
switch to some lower setting. At no setting of this control 
should you read any voltage. Ifyou do, the capacitor is either 
leaky or shorted. If you read voltage with the tube back in its 
socket (other than the normal bias voltage) then the tube may 
be gassy (drawing grid current). 


Checking the Local Oscillator 


All superheterodyne receivers (whether AM, FM, or TV) 


CONVERTER 


OSCILLATOR 
GRID DC PROBE 


OSCILLATOR 
COIL 


Figs 5-6- A VTVM may be used to measure the grid volt- 
age on anoscillator to determine whether or not oscil- 
lation is present. 


make use of an oscillator to supply a reference signal which 
beats against the incoming signal to produce an intermediate 
frequency. Failure of the local oscillator means complete 
loss of sound in AM and FM receivers, and loss of sound and 
picture in TV sets. | 

To check local oscillator operation, use the arrangement 
shownin Fig. 5-6. Set your VTVM to read negative DC volts 
and touch the tip of your DC probe to the oscillator grid. The 
ground lead of the instrument should be connected to chassis 
ground or B minus. Depending on the type of receiver, the 
DC voltage developed at this point will be from 5 to 20 volts, 
or higher, so set your range selector accordingly. 


l02 


You can use this test on other types of oscillators as well. 
If the oscillator is not functioning, tube bias will be very low, 
possibly even positive with respect to ground, and conse- 
quently plate current through the tube will be much higher than 
normal. If the tube is working into a resistive load, a large 

X voitaxe drop will be produced across it, and as a result the 
voltage atthe plate of the tube will be quite low. Thus, a DC 
voltage check at the plate of an oscillator tube, when you know 
what the correct operating voltage should be, is helpful. 

Itis sometimes possible for a receiver to pick up just a few 
stations, but fail to receive others or receive them only 
faintly. Here again, the problem may be due to the fact that 
the local oscillator does not work equally well over its entire 
tuned range. Youcancheck, by connecting the VT VM as sug- 
gested, while rotating the tuning dial of the receiver. There 
should be some variation in the negative DC voltage indication, 
but it should not drop to zero or to some very low value, 
Trouble here may be caused by the plates of the variable tuning 
capacitor shorting at some particular setting of the tuning dial, 


Checking Audio Amplifiers 


There are three types of tests you can make on audio ampli- 
fiers witha VTVM. Theseinclude DC voltage measurements, 
signal voltage measurements, and resistance checks. To 
make resistance checks, make sure the audio amplifier is 
disconnected from any power source. Set the VTVM to read 
resistance and check, in turn, the primary and secondary 
winding resistances of interstage and output transformers. 
Remember, thereisa world of difference between resistance 
and impedance. you are following a circuit and you see that 
the winding of a transformer is marked as several thousand 
ohms, consider that this may mean impedance and not re- 
sistance. This is particularly true in the case of speaker 
voice coils, which normally have a DC resistance of only an 
ohm or less, but the impedance may be anywhere from 3 to 
16 ohms. Reading zero resistance when making a voice coil 
check simply indicates that you have made a continuity test. 

You can get some idea of the frequency response of your 
audio amplifier by connecting an audio generator to the input 
anda VTVM, set to read low AC volts, across the voice coil 
of the speaker. Set the gain control of the generator and the 
gain control of the audio amplifier so that an audible tone is 
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emitted fromthe speaker. Start your audio generator at some 
lowfrequency, and make a note of the audio voltage indicated 
onthemeter. Repeat the test in steps of 1,000 cycles. Plot- 
ting a graph will give you an idea of the frequency response. 

It is often desirable to measure the power output of a re- 
ceiver or audio amplifier. One procedure for making power 
measurements involves the use of an output meter, which is 
usually calibrated in decibels. The AC voltmeter function of 
a VTVM anda resistive load can be used in place of an output 
meter. The resistive load must have the same value as the 
impedance of the receiver output and must have a wattage 
rating atleast as great as the power expected from the equip 
ment under test. 

Since the meter can indicate only the AC voltage across the 
resistiveload, the technician must do some simple computa- 
tions to find the power. Fig. 5-7 shows a typical setup for 
checking the sensitivity of a receiver with an AC voltmeter 
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Fig. 5-7. Setup used to check audio output. 


used as an output meter. This test requires that the audio 
frequency (AF) output power be atleast of a certain value when 
a standard modulated RF signal is applied to the antenna 
terminals. Ifthe load resistance is 8 ohms and the minimum 
power output required is 100 milliwatts, the voltmeter must 
indicate .89 volt AC or more. This value can be found by us- 
ingformula E = PR. Anotherformulathat can be used is P 4 
E2/R. Some VTVMs have adb scale, which makes it con- 
venient to measure power and output levels in db.. If your 
VTVM has this feature, the operator's manual will explain 
its use. 


Taking Care of Your VTVM X 


We have mentioned a few precautions in the care of your 
instrument, notably in the proper use of the range and the \ 
function selector switches. Here are some other suggestions, 
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some of which may appear to be ordinary common sense, but 
sense is neither ordinary nor is it common. 
1. From time to time, open your VTVM and examine the 
battery. Make sure it isn't corroded and that it sits firmly 
in its holder. If the holder is held in place with a screw 
x make sure it is tight. Always use the correct battery re- 
placement. Inability to zero-set means you should replace 
a battery. ¥ 

2. Calibrate the meter frorf time to time using the method 

described earlier inthis book. Replace the tube or the tran- 
( sistor in the VITVM if you have evidence that gain has de- 

creased, 

3. Always keep the meter function selector set to read volts. 
\ this will prevent undue wear of the meter battery because 

of shorting test leads. 

4, If the test leads become intermittent, replace them. 

Don't roll up the test leads, but suspend them from a hook 

near your bench, It's ese to use a red-colored lead for 

B-plus and a black lead for ground or common. 

Clean the face of your meter with soap and water only. 
\ Tas does not mean soaking the meter. Just use a damp 
cloth. Do not use solvents of any kind. They can scratch 
and cloud the plastic face of the meter. 
6, Your meter may come equipped with a setscrew for 
mechanical adjustment of the meter pointer. Use this ad- 
« justment only if the meter pointer does not rest on zero when 
Bie connected to the power line. 

. Manufacturers issue a manual witheach VTVM they sell. 
ve manual usually contains the circuit diagram of the in- 
strument plus a general description of its use. Read this 
manual and become familiar with the circuit. It's your in- 
strument and the more you know about it, the more you will 
get out of it. 
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CHAPTER 6 


ae 
Servicing With the VIVM 


When it comes to making voltage and resistance measure- 
ments, there is no sharp dividing line between the VOM and 

the VTVM. Many of the measurements described in this Chap- 

ter canbe madewith either instrument. But a test instrument x 
isno substitutefor common sense. For example, resistance 
checks can be made with either instrument. However, if using 

a VOM means trying to read the crowded end of a resistance 
scale, you shouldn't need to be reminded that perhaps your 
VTVM might have a wider range. 

Technicians sometimes forget the relationship of the power 
supply to the circuits it serves. Every stage is a shunt load 
across the power supply, as shown in Fig. 6-1. Only a few 
representative tubes are shown to illustrate this point. It 
makes no difference if the set has two tubes or twenty. The x 
arrows indicate the direction of current flow, which will aid 
in determining polarity and test lead connections. Table 6-I 
provides a series of VTVM checks for this representative cir- 
cuit. These same tests can be performed on any type of 
similarly powered equipment. 


Wafer Switch Troubles 


You can resistance check wafer switches, but often this is 
not as easy as it sounds. If the wafer switch is a multi-deck 
type, youhave to be in a position to examine the switch visually 
to see what happens as you turn the rotor. Unsoldering wires 
and components can be time-consuming and aggravating if sub- 
sequent checking shows the switch to be OK. Also, these 
switches usually have silver-plated contacts and wipers. If 
hot solder is accidentally dropped on them, it is practically 
impossible to remove it. Thus, it is advisable to make all 
the tests you can before disconnecting a wafer switch. Even 
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then, your tests should let you put the finger of suspicion 
directly on aparticular contact. Incidentally, ifawafer switch 
isjammed, brute force will only prove that you are stronger 
than the switch. The only cure for a jammed switch is a re- 
placement, Ifyou must replace a wafer switch, tag all leads 
so you will know where each connects. 

A wafer switchis like any other kind. It should have positive 
action—that is, each contact should be either open or closed. 
If a resistance check with your VITVM shows a high value of 
resistance between a pair of open contacts, dirt and grime may 
be causing high resistance leakage. 


The Hot Grid 


Some service technicians like to perform "Squawk" tests. 
This means putting your finger on the control grid of a tube 


and then listening for a resulting noise out of the speaker. 

Other technicians, a little more leery about sticking their 
fingers into a receiver that has high B-plus, prefer a "spark" 
est, shorting the grid to chassis with a screwdriver blade. 
There are times, though, when such tests are improper. 
Consider Fig. 6-2, forexample. TheplateofV1 is connected 
directly to the control grid of V2, and the potential at this 
point is 70 volts. This potential might not give you much of a 
shock, if at all, but why take chances? Grounding the grid 

- momentarily will not cause any disaster, but it does subject 

R3 to the full B-plus voltage. 


The circuit shown in Fig. 6-2 includes a phase inverter, 
driver and push-pull audio amplifier. Some of the troubles 
you might locate with a VITVM are outlined in Table 6-II. Be- 
fore we leave Fig. 6-2, consider plate voltage measurements 
for a moment. If a tube normally has 150 volts on its plate 
with 3 volts of cathode bias, measuring between plate and 
ground produces an error that is so small it cannot be read 
onthe meter. Consider V2, though. Itsplate is marked 175v. 
This doesn't mean thatit has 175 volts on its plate. The plate 
voltage is 175 volts minus the cathode voltage (75 volts), only 
100 volts. The bias is the potential difference between the 
control grid and cathode, just 5 volts. Proper operation de- 
pends on equal value resistors for balance. Resistance check 
the plate and cathode resistors of V2 and the grid return re- 
sistors of V3 and V4. Distortion results if these resistors 
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Table 6-1. VTVM Checks For Typical Line-Powered 
Device. 


TROUBLE SYMPTOM VTVM CHECK 
No AC input Set the VIVM function switch to ohms and 
voltage. connect the test leads across prongs of 


male plug. Operate on-off switch of re- 
ceiver. Meter pointer should swing back 
and forth. If not, placetest leads across 
fuse. Meter should read zero ohms. If fuse 
is OK, place test leads across switch. 
Turning switch on and off should cause 
meter pointer to swing backand forth be— 
tween zero ohms and infinite resistance. 
|f switch is OK, resistance check primary 
winding on power transformer. This will 
vary, but on average will be less than 5 
ohms. | f reading isOK, check outlet. Set 
VTVM to AC volts and insert test leads 
into outlet. 


Trouble is sometimes due to defective 
female connector inoutlet or to prongs 
of male plug not making contact in outlet. 


No B—plus Look at rectifier tube. If there is no 
voltage. filarent glow replace the tube. If new 
rectifier doesn't restore B-plus voltage, 
check for AC voltage between each plate 
of rectifier and ground. 


Excessive Electrolytics in filter section may have 

hum. lost capacity. Shunt existing capacitors 
with equivalent units. Watch polarity. 
Make sure voltage rating is equal or 
greater. Drop in hum indicates insuf— 
ficient or poor filtering. Replace elec— 
trolytic unit. 


No. B-plus Set VTVM to read DC volts, with range 

across out— switch set to read 300 Va ormore ful | 

put filter. scale. Measure B-plus from cathode of 

. rectifier to ground. Correct B-plus indi-— 
cates that filter choke (or filter re- 
sistor if used) is open. 


Excessive If voltage on plate of VI is equal to B- 
~ voltage on plus, tube isnot drawing current. Try a 


plate of VI. new tube. Check plate load resistor RI 
and cathode resistor by setting VIVM to % 
measure resistance. (Make sure set is 
off.) Excessive biasonV! can also cause 
this condition. 
The voltage on the plate of VI can be 
higher than normal, but not as high as 
power supply Valvage if there is some 
trouble in the screen circuit. Measure 
voltage drop across screen resistor. No 
voltage indicates no connection to screen, 


open screen dropping resistor, or defect 
in tube, 


Insufficient Cathode bias resistor may be too low in 

voltage on value or shunting bypass capacitor may 

plate of VI. be leaky. Set VIVMto resistance function 
and check the resistor. Connect VTVM to 
plate and cathode of tube andset for DC 
volts. Disconnect Cl and note if plate 
voltage increases. If it does, replace 
ORF 


B-plus voltage on both sides of this 


No sound L| represents the primary winding of the 
Output. audio output transformer. You should have 
winding. 


Table 6-I1. VTVM Checks For Audio Amplifier Troubles. 
THE TROUBLE VTVM CHECK 


No output. Set the VIVMto/AC volts (about 10 volts 
full scale) and connect it across the 
secondary of the audio output transformer, 
Connect an audio coupling capacitor to 
the "hot" test lead of a signal generator 
and inject an audio signal tothe control 
grids of VI, V2, V3, and V4, in succes— 
Sion. Make visual check to see if tube 
filaments are lit. Measure B-plus voltage 
(should be 200-250 volts DC). 


No output with signal applied at grid of 
Vi is positive indication amplifier sec— 
tion is inoperative. Output with signal 
applied at grid of V2 indicates VI is de- 
fective. Output with signal applied at 
grids of V3 ad V4 (should give equal 
output) is an indication of trouble in 
stage V-2——measure tube voltages. 


Distorted V3 and V4 must receive qual values of 
output. signal voltage. Distortioncan be caused 
by unbalanced plate or grid voltages. 
Check plate voltage of V2, with VIVM 
function selector set to read high DC 
volts. Measure between plate and cathode, 
not between plate and ground. Measure DC 
bias between contro! grid and cathode. 


As a further check, keep VIVM set in DC 
voltage function, onhigh range. Connect 
one test lead toplate of V3; other lead 
to plate of V4. Voltage reading should be 
zero. Start with high range, DC volts, 
then gradually move range selector to 
lowest value. Avoltage reading indicates 
imbalance. Could becaused by tubes that 
aren't matched. 
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Table 6-I11. 


Operation. 


THE TROUBLE 


No sound. 


x 


VTVM Checks of Ratio Detector 


VTVM CHECK 

Set VTVMto read lowAC volts and connect 
it across the two outer terminals of vol— 
ume control, Rl. Inject a modulated IF 
signal at the plate of the last IF amp— 
lifier tube. If you get no sound output, 
the detector is in trouble. Difficulty, 
other than defective tube, is an open com 
ponent. 


Set VTVW function selector to OHMS and 
resistance check the last IF transformer, 
the radio-frequency choke (RFC) and the 
volume control. Sound wili be lost if Cl 
iS open. Check by substitution Watch 
polarity. 


ye Distortion 


emo matched. It is more important for Rl and R2, for ex- 


X 


\ 


Usually caused by misaligned IF trans— 
former. 


ample, to be equal in value than to be exactly 100K. y.« 


FM and TV Detectors 


You'll find three different types of detectors used in FM and 
TV sets —the ratiodetector, thediscriminator, and the gated- 
beam detector. Troubles with these detectors usually (but 
certainly not always) fall into two categories —weak tubes and / 


or anIF transformer begging for realignment. Fig. 6-3 shows 


a typical ratio-detector circuit. 


checks. 


Troubleshooting the gated-beam detector shown in Fig. 6-4 
is similar, except that the tube itself is a common source of 
trouble. If the sound is weak or distorted, replace the gated- 


beam tube as afirst choice. If there is no sound, check plate 


Table 6-III outlines VTVM 


and bias voltages. Also resistance check IF transformer L1 
or quadrature coil L2 for open windings. 


You will still find the discriminator (Fig. 6-5) used in some 
FM receivers, although it has been largely replaced by the 
, ratio detector. In theory, the ratio detector does not need 
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limiter circuits ahead of it, although you will find some FM 
sets in the higher quality brands that use a ratio detector and 
one or more limiter stages. Use the same servicing tech- 
niques on the FM discriminator that you employ on the other 
detector types. Rl and R2 should be equal in value. 


froubleshoohna the Limiter bi 


Fig. 6-6 shows a limiter circuit. Its function is that ofa 
clipper, designed to eliminate amplitude variations in the 
signal. Tocheckits operation, set the VTVM on its DC volt- 
age function with the range selector at 10 volts. The top end 
of Rl is negative, the bottom end positive. Tune in a signal 
and note the voltage drop across Rl. No voltage across Rl 
can mean a defective limiter tube or failure of some previous 
\ stage todeliver the signal, DC voltages on the plate and screen 

of the tube should be low. A higher-than-normal voltage can 
permit noise to go through to the detector stage. Check the 
voltage on the screen grid by measuring between screen and 


ground, 
Checking IF Stages ye 


Whether the IF is for AM or FM, basic testing is the same. 
No sound usually means a defective tube. However, you can 
have weak sound even if tube emission is extremely weak. If 
the signal is strong enough, there is sometimes sufficient 
interelectrode capacitance in a tube to transfer a small part 
of the signal to the following stage. The fact that a tube fila- 

f ment lights is no indication that the tube works properly. A 

\ VTVMcan be used to check the DC operation of an IF section. 
You can measure plate and screen voltages and AGC or AVC 
bias, and youcan resistance check IF transformers and other 
components, Usingthe AC function, evidence of signal output 
can be obtained by measuring across the volume control (or 
the contrast control in a TV set). 

AGC (automatic gain control) or AVC (automatic volume con- 
trol) voltage controls the DC bias for IF and front-end tubes. 
To measure either AVC or,AGC, set your VTVM function 
selector to read DC volts on the low range. The polarity is 

\ as shown in Fig. 6-7. Connect the test leads across Cl and 
tune in a strong station. The pointer should swing as you 
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Fige 6-7. AVC or AGC voltage polarity is negative with respect to 

ground in this circuit. 
rotate the tuning dial from no station to strong signal. If this 
doesn't happen, place the test leads across C2. A DC volt- 
age variation here means you should check out Rl and Cl. You 
can also check AVC by setting your VTVM for low DC volts 
and measuring the voltage at the grid of one of the controlled 
tubes. | 


Checking FM Front Ends ~ 


The basic idea of the front end in an AM or FM receiver is 
the same. The signal is changed from an RF to an IF range. 
Complete loss of signal can be caused by local oscillator 
failure. Check thelocal oscillator bias voltage by setting your 
VTVMtoits minus DC voltage function, with the range switch 
for about 30 volts full scale. The amount of bias voltage will 
depend on the setting of the tuning control and will also vary 
from receiver to receiver. Look for a bias up to about -15 
volts. 

Failure of the local oscillator doesn't always mean complete 
absence of signal. If the receiver picks up one station only 
and tunes rather broadly, the set may be acting as a TRF 
(tuned radio frequency) receiver. The local oscillator may 
be working, but not with the enthusiasm it should have due to 
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weak cathode emission. The result will be weak output, with 
an inability to pull insome stations. You can verify by check- 
ing the bias voltage. If it's down to around about 1 volt, try 
another tube. 


Signal Substitution 


The signal substitution method can be used in troubleshooting 
a weak or dead FM receiver. For troubleshooting by signal 
substitution, asweep signal generator is preferable, because 
its signal can be heard in the output of the receiver. If such 
a signal generator is not available, the same type of instru- 
ment that is used for AM receivers may be employed, although 
it is not as convenient as the type that produces a sweep sig- 
nal. The signal generator must produce frequencies that are 
equal to the tuning range of the receiver and to its intermediate 
frequency (or frequencies). 

When testing a weak receiver, checking stage gain by listen- 
ing to the output is not a dependable procedure. An increase 
in signal input level may not result in a corresponding increase 
in output level because of the limiting action of the limiter 
stage. Also, identical output levels for a signal injected in 
the plate circuit and for a weaker signal at the grid do not 
indicate thata stage is amplifying. The limiter may have re- 
duced the signals to the same level, The best way to check 
the gain of the RF and IF stages is to measure the strength of 
the signal that is applied to the control grid of the limiter. 
This can be done in two ways: 

(1) UseaVTVM with an RF probe and measure the RF volt- 

age directly. 

(2) If the limiter stage is the type that develops grid-leak 

bias, use a VTVM to measure the DC voltage between 
control grid and ground. The voltage will increase with 
an increase in signal strength. 

A VTVM may be used to measure the gain of an RF or audio 
stage by injecting a suitable signal at the input (RF or audio as 
the case may be). Using an appropriate AC scale (start with 
ahigher scale and work down), measure the input signal, then 
switch the probe to the stage output and measure again. By 
dividing the first reading by the second, you'll know the 
approximate gain that stage is contributing. Of course, the 
same procedure can be used to measure the cumulative gain 
of several stages in cascade. 
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Fige 6-8 If the resistance reading here is 50K, both 
resistors are OKe 


Audio voltages should be almost equal in push-pull output 
stages; they shouldn'tdiffer by more than 10% from both con- 
trol grids to ground and from both plates to ground. The same 

/ is true with a preceding push-pull driver stage. To check, 
injectatest signal at a point ahead of the push-pull stage (s), 

\ and measure the grid voltages. Usually, it is sufficient to 
measure only grid signal voltages. Should it be necessary to 
measure plate signal voltages, remember the high DC volt- 
ages normally present on tube plates. 
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Fige 6-9+ You should be able to pinpoint defective components 
in this circuit before unsoldering any connections. 
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When to Unsolder 


Quite often you will want to resistance check some component 
in a receiver but dislike the idea of unsoldering one lead. 
Quite right. It's work and there's no reason for working if it 
isn't necessary. Some technicians, of course, always un- 
solder one lead of the component being checked, just as a 
matter of routine, but this is simply because they would rather 
work than think. As a simple example, consider the two 
parallel resistors shown in Fig. 6-8. Each resistor is 100K 
ohms. You would like to check both resistors. Since the 
shunt equivalentis 50K ohms, a reading of approximately this 
amount on either your VOM or VTVM will tell you that both 
resistors are OK. If one of the two resistors had opened, 
your meter would indicate 100K ohms. And if one of the two 
had shorted, you would read zero ohms. But suppose one of 
the resistors had changed value? If, for example, your 
meter told you that the equivalent resistance was 60K ohms, 
you would have good reason to suspect that one of the two re-. 
sistors had increased in value. Then, and only then, would 
you have some justification for reaching for your soldering 
iron. 


That was a simple example, so let's consider one that isn't 
so obvious. Suppose you want to check the components of a 
triode circuit like the one in Fig. 6-9. With the receiver 
turned off you can check the resistance of L1. On the other 
hand, with the receiver turned on, you can measure the bias 
voltage between grid and cathode. Which test is better? The 
voltage test! With the resistance test you checked a single 
component, Li. The voltage test indicates that both L1 and 
cathode resistor Rl are okay. If you get no bias voltage, you \ 
still do not need to reach for your soldering iron, at least 
until you make other tests, including substitution of the tube. W, 

Now suppose you were suspicious of the components in the 
plate circuit. Youcan makea quick overall test by measuring 
the DC voltage between plate and cathode. A correct voltage 
indicates that there is no need for unsoldering any of the plate 
circuit components. If plate voltage is much lower than nor- 
mal, youshould be suspicious of the 10-ohm plate coil. Is it 
time for the soldering iron yet? No, you're suspicious, but 
not sure. Consider the three plate components—a resistor, 
acoil, andacapacitor. TheDC resistance of the combination 
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should be close to 10 ohms. If the 10-ohm coil opens, the 
resistance will be 5K ohms. The voltage drop across the re- 
sistor will increase, andthe plate voltage on the tube will de- 
crease. A quick resistance check will tell you whether or not 
the coil is open. 

In-circuit testing is not difficult if you know what to watch 
for. Look for shunt components. Be careful, though. Two 
parts may bein parallel, but not necessarily adjacent to each 
other in the circuit diagram. Further, it isn't always easy 
to recognize shunt components, You need to have a knowledge 
of circuits and howthey work. Toillustrate this further, con- 

f sider the circuit shown in Fig. 6-10. This is an ordinary 
\ crystal diode detector of the type used in radio and TV re- 
ceivers. But therein lies a difference. Suppose the detector 
is in a TV set, with the load (R) somewhere between 2K and 

, 4K. Can you resistance test the crystal in-circuit? 
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Fig. 6-10. Resistance checking this crystal diode 
circuit requires that the parallel resistance of 
the load be taken into consideration. 

Let's assume the forward resistance of the crystal is about 
200 ohms and the reverse resistance around 100K. If the load 
is, say, 3,0000hms, aforward resistance check of the crystal 
measures 200 ohms in parallel with 3,000—so the net should 

{ ». fairly close to 200 ohms. But what about the reverse re- 
sistance check? We will have the reverse resistance of 
100,000 ohms inparallel with 3,000, so the net measurement 
will be close to 3,000 ohms. The test isn't valid since we do 
not know if the resistance ratio of the crystal is good or not. 

Now suppose the circuit is for an AM receiver. Load re- 
sistor R could be a 250K volume control. Quite a difference, 
You would still measure about 200 ohms when checking the 
forward resistance of the crystal. But for the reverse re- 
sistance check, the 250K ohms of the load will be in parallel 
with 250K, or a net measurement of a little over 71K. While 
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| the test will not give youa true resistance ratio of the crystal, 
X it will tell you if the crystal is defective or not—and that's 
{ ‘the basic purpose of the test. 


Somewhat earlier wedescribed a direct-coupled circuit with 
the intention of showing you that from a voltage viewpoint, a 
control grid can be "hot" with respectto ground. Another such 
circuit, acascode RF amplifier, is shown in Fig. 6-11. You 
will find this circuit most commonly used in FM and TV re- 
ceivers. Thetubeis usually adouble triode. As you can see, 
the cathode of V2is "hot." It's 150 volts above ground and the 
control grid is just a few volts less. What is the plate voltage 
of V2? The circuit shows 300v, but that is the voltage with 
respect to ground. The difference between plate and cathode 
is only 150 volts. Always think of plate voltage as the amount 
of drop across the tube and you will become accustomed to 
thinking of the cathode rather than the chassis. 


You can check the circuit of Fig. 6-11 quite nicely with either 
a VOM or VTVM. Set the function to DC volts and the range 
to at least 300 volts full scale. V2 isa grounded-grid ampli- 
fier. Yes, we know—there is a big resistor hanging on to 
the grid, butits only purpose is to supply the grid with B-plus. 
The grid is grounded, asfarasRFisconcerned, through the 
bypass capacitor tiedtoit. Thecircuit is used as an RF amp- 
lifier, so a weak tube means weak or distorted sound in an 
FM receiver, and a snowy picture for a TV set. 

Another case of tubes connected in cascode is shown in Fig. 
6-12. Here the sync separator stage (and often several others 
as well) is in series with the audio power amplifier. The 
power amplifier, capable of carrying heavy current, serves 

€ a voltage divider across the 250-volt B-plus line. Thus, 
the DC current of the sync separator (and of any other tubes 
connected to the 150-volt supply line) flows through the audio 
output stage. 

Why are suchcircuits used? Generally, all tubes in a radio 
or TV set are in parallel, each one adding to the load on the 
power supply. Operating tubes in series permits "sharing" of 
B-pluscurrent. Ifthe audio output tube, as an example, re- 
quires 40 ma, this same current can be used to operate a 
number of other tubes. The sync separator used in the ex- 
ample circuit works with muchlesscurrentthan40 ma. Thus, 
you will find other tubes connected in parallel with it—IF 
tubes, video amplifier tubes, etc. 


\ | 125 


e, tt 


AUDIO OUTPUT 
(EY SEX 


SUPPLY 
POINT 


ents 
ep 
Fige 6-12. In this cascode circuit the audio output X 
Stage is used as a B-plus voltage divider. 


Does this present servicing problems? It certainly does. 
For example, one of those parallel tubes may become weak 
or completely inoperative, upsetting the current distribution. 
B-plus current through the audio tubes decreases and its out- 
Nee is weakened, Conversely, if the audio output tube be-. 
/ “comes weak, current supplied to the tubes in parallel is 
diminished. What happens depends on the stages involved x 
and how critical they are. Usually, the sync circuits are af- 
fectedfirst, thentheIFs. Complete failure of the power amp- 
lifier results in no sound and no picture. Another way of 
checking series tubes is with a scope, so we'll come back to 
this type of circuit in a later Chapter. 
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THE OSCILLOSCOPE 
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How It Works 


How To Use It X 


Servicing With the Scope 
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CHAPTER 7 


Understanding the Oscilloscope 


The oscilloscope, more familiarly knows as a scope, is 
basically a simple piece of equipment. Yet, more than any 
other test instrument, the scope calls for a greater degree 
of understanding and technical skill. It rewards that under- 
standing with a tremendous amount of information, often not 
otherwise obtainable. Scaletype meters are easy to read com- 
pared to the scope. The scope is one of the few instruments 
that requires interpretation of the information it presents. 
Further, misadjustment of the controls may make its infor- 
mation inaccurate or difficult to understand. Why bother with y 
a scope? Because it presents its information in a way that no 
other instrument can imitate. With the help of the scope you 
can determine exactly what voltages and currents are present 
in a circuit. You can see at once the effects of changes in 
electronic components. The proper setting of the controls is 
important—in fact, essential—for unless you know exactly 
what each control is supposed todo, the waveform pattern ypu 
see on the screen will be meaningless. However, to know 
just what each control is supposed to do, you must know the 
job of each scope circuit. ey 


The Cathode Ray Tube 


The heart of the oscilloscope is the cathode-ray tube, abbre- 
viated CRT. The only purpose of the circuits connected to 
this tube areto make it display the information youseek. The 
CRT is a first cousin to the picture tube ina television re- 
ceiver, but that is just about where the relationship ends. 
As in the case of many vacuum tubes, the CRT contains a 
_ heated cathode as its source of electrons. In an ordinary 
vacuum tube, electrons generally travelto the plate like radii 
from the center of a circle. In the CRT, though, a stream 
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DOUBLE SPIRAL BARIUM & STRONTIUM 
FILAMENT OXIDE COATING 


NICKEL CATHODE CYLINDER 


Fige 7-1. The CRT filament is connected to a separate 
winding on the power transformer, as shown here. The 
only purpose of the filament is to heat the cathode. 


of electrons flows in a straight line. For this reason the 
cathode is constructed like a cylinder, as shown in Fig. 7-1. 
The circular surface or face of the cylinder is coated with 
oxides which release large quantities of electrons when heated) 


These electrons form sort of a cloud having no particular 
shape or boundary. So the first objective is to control th 
movement of these electrons and then to ''focus" them into a 
narrow, well-defined beam. / 
These objectives are achieved Witha control grid, as shown 
in Fig. 7-2, a cylinder large enough to surround the cathode. 
The control grid looks like a miniature tin can, open at one 


end and with a hole in the center of the other end. In normal 
operation the control grid is negative with respect to the 


cathode, and its repelling force tends to form the electrons 
into the shape of a beam. Atthe same time, cortrol of the 
potential between control grid and cathode provides a means 
for limiting electron flow to the plate, or face, of the tube. 
This potential, or bias, is adjusted by means of a brightness. 
cormtrol or intensity control (see Fig. 7-3). The bias voltage 
range is between a few volts and more than a hundred volts. 


=siAs 
= VOLTAGE 


CONTROL GRID 
CROSSOVER POINT 


Fige 7-2. The CRT control grid is a cylinder enclosing 
the cathode. A tiny hole inthe front of the grid struc— 
ture allows electrons to pass through. 


HEATER 


BRIGHTNESS OR 
INTENSITY CONTROL 


Fige 7-3. The setting of the brightness or 
intensity control determines CRT bias and 
the brightness of the trace on the’ scope 


screen. 


FOCUSING ANODE 


Fige 7-4. The first or focus- 
ing anode is used to _ help 
shape the electron beam. Be- 
cause the voltage onthis anode 
is positive with respect to 


CATHODE the cathode, italso helps ac— 
CROSSOVER POINT celerate electrons toward the 
VIRTUAL CATHODE CRT screen. 


BRIGHTNESS 


TO 
POWER 
SUPPLY 


Fige 7-5. The brightness and focus controls are part of the 


power supply bleeder network. 


131 


The control grid also supplies focusing action. Thus, the 
electrons cometoa focusing point or a crossover point shortly 
after passing through the control grid. This crossover point 
is sometimes called the "virtual cathode." Due to the control 
gerid cylinder's effect on the shape of the electron beam, in- 
tensity control adjustme nt may have some effect on ocusing. 

After the electrons leave the control grid, they pass through 
a focusing anode. As shown in Fig. 7-4, this element, also 
known as the first anode, is another cylinder with small 
openings oneach end to permitthe entry and exit of electrons, 
and it is generally several hundred volts positive with respect 
to the cathode. As shown in Fig. 7-5, the focus control, a 
potentiometer located on the front of the scope, varies the 
voltage applied to this element. . 

The accelerating anode, or second anode, serves to ac- 


SECOND OR 
FIRST OR ACCELERATING ANODE 


FOCUSING ANODE 


CATHODE 


GRID 


CROSSOVER POINT 


VIRTUAL CATHODE CRT 


SCREEN 
Fige 7-6. The second anode accelerates the electron beam 
toward the CRT screen. 


celerate the beam toward the flourescent screen at the front — 
ofthe CRT. Fig. 7-6 shows thatthis anode resembles the first 
anode, but it is larger and is positioned closer tothe screen. 
Electron beam acceleration is attained by putting a much 
higher positive voltage onthis eleme ntthan on the first anode. N 
The accelerating anode is connected internally to a conductive 
coating on the inside surface of the CRT. Known as aquadag, 

the coating extends all the way from the second anode to the 
front of the CRT, almost reaching the screen. 

The cathode, control grid, and the first and second anodes 
comprise a unified assembly known as the electron gun. Its 
sole function is to produce an electron beam and the means 
for controlling its intensity and focal point. Between the cathode 
and the screen, the electron beam goes through two cross- 
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LARGE DOT ON SCREEN 


SCREEN 


SCREEN 


BEAM FOCUSED HERE 


a 


BEAM FOCUSED HERE — 


5 


Fig. 7-7; The focus control must be adjusted so that the 
second crossover takes place at the screen of the CRT. 


HORIZONTAL DEFLECTION PLATES SCREEN 


ec ee 


Fige 7-8. The horizontal deflection plates are positioned 
in the vertical planes The electron beam passes between 


them on its way to the screen. 


Fige 7-9. A positive potential on one of 
the deflection plates bends the beam from 
its center position toward the right (as 


you face the screen). 
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over or focal points. One of these is at the point of the virtual 
cathode, immediately following the control grid. The second 
crossover may occur before the screen, at the screen, or 
beyond the screen. Correct focus is achieved onlyifthe cross- 
over is at the screen, as shown in Fig. 7-7. Proper focus 
is achieved by adjusting the intensity for suitably visible 
screen brightness, then setting the focus control for minimum 
dot size. It may be necessary to work back and forth between 
the two. Excessive brightness may result ina halation, a sort 
of glow which surrounds the dot of light on the screen. 

The inside of the CRT's glass face plate is coated with a 
special phosphor which glows when bombarded with electrons. 
The glow does not disappear when the electrons move away 
from their point of impact, but instead continues for a brief 
period of time. The length of time the glow continues, called 
persistence, is a property ofthe phosphor chemicals and may 
be rated from very short to very long. The color of the glow 
on the average oscilloscope CRT is green, but CRIs can be 
made to produce white, blue, orange, red, or yellow. Most 
often the color of fluoresence and phosphorescence is the 
same. Thatis, a tube that fluoresces in a green color also 
will phosphoresce inthat same color. However, ifis possible 
to produce CRTs thatfluoresce in one color and phosphoresce 
in another. Thus, the color of fluoresence may be blue-white 
and that of phosphorescence may be yellow. 


Beam Deflection 


Fig. 7-8 shows how we canusea pair of metal plates, known 
as deflection plates, to control the horizontal motion of the 
electron beam. This pair of plates, located a short distance 
beyond the second anode, are in a vertical position. With no 
voltage on the plates, the electron beam will be unaffected. 
But suppose we make one plate positive with respect to the 
other? As shown in Fig. 7-9 the positive potential will attract 
the electron beam, "bending" it away from its central position 
and causing it to strike the screen off center. If you had been 
watching the screen during this 'bending"' action, you would 
have seen a trace of light, somewhat like a line, and thenthe 
dot of light in its new position. We can move the dot of light 
in the other direction simply by reversing the potential applied 
to the deflection plates. 
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SCREEN 


ELECTRON BEAM 


en acs 
_ 


VERTICAL DEFLECTION PLATES 


\ Fige 7-10. Using push-pull deflection, one plate attracts 
the beam while the other repels it. 


In actual practice, beam deflection is somewhat more com- 
plex. Because of its high velocity, a strong electrostatic 
force is needed to deflect the electron beam. Better results 

, are achieved by using a push-pull arrangement. Fig. 7-10 
shows the basic idea; one plate is made negative, the other 
positive. The negative plate repels the electron beam; the 
positive plate attracts it. Actually, as far as the DC voltage 
on the deflection plates is concerned, all that is needed is a 
potential difference between the plates. Thus, we could have 
a positive potential on both plates. The beam would be de- 
flected if one of the plates was made more positive than the 


other. 

To get vertical deflection Bre cathode-ray beam, another 
pair of deflection plates is used. These plates, as shown in 
Fig. 7-11, are placed between the horizontal deflection plates 
and the screen. Physically, this set of plates is in the hori- 

{ rontal plane, and the effect is to move the electron beam up 
or down. Vertical deflection is obtained in exactly the same 
manner and using the same techniques employed for horizontal 
deflection. 

Using both pairs of plates the beam (Fig. 7-12), and the dot 
of light it produces on the screen, can be positioned as de- 
sired. In an actual scope, the voltages on the vertical and 
horizontal deflection plates are controlled by a pair of poten- 


HORIZONTAL DEFLECTION PLATES SCREEN 


BEAM 


VERTICAL DEFLECTION PLATES 


Fige 7-11. Vertical deflection is achieved with a second 
pair of plates, positioned in the horizontal plane. 
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WR) VERTICAL DEFLECTION 


Figs 7-12. Drawing showing the configuration 

of the vertical and horizontal plates. 
tiometers. The verticalcentering control is also known as the 
Y position adjustment. The horizontal adjustment may be 
marked horizontal centering or X control. 

All controls discussed thus far relate to control of the elec- 
tron beam: intensity, focus, and X and Y position controls. 
On some scopes you will find a separate on-off switch, while 
on others the switch is part of the intensity control. Some 
Scopes come equipped with a beam control switch, used to 
turn the electron beam off when a pattern onthe screenis not 
being observed. The same effect can be achieved by turning 
down the intensity cormtrol. The idea is to protect the screen 
against ion burns when a stationary pattern must be observed 
intermittently for a long period of time. 


Horizontal Sweep 


To provide a base line for waveform reproduction, we need 
a voltage on the horizontal deflection plates that will deflect 
the electron beam from left to right at a uniform rate of 
speed, and return tothe starting point as quickly as possible. 
The type of voltage that meets these requirements, as shown 
in Fig. 7-13, is a sawtooth wave. Applied to the horizontal) 
deflection plates, the steadily increasing voltage from time 


atob will cause the beam to move uniformly from left to 
right. Then, during time b toc, the rapid change in polarity 


Bs b d f 
7) 
a TIME 
ee | Fige 7-13. Sawtooth wave for 
a c € g horizontal sweep. 


| Changing the amplitude of the sawtooth changes the length of 
the sweep. | 
It takes the beam a definite amount oftime to move from the 
left side of the screen to the right, providing a means for 
measuring time. Thus, if it takes the beam one second to 
travel across the screen, it will cover half the distance in 
one-half second and one-tenth the distance in one-tenth of a Ds 


will quickly deflect the beam back to its starting position. XK 


second—assuming, of course, thatthe sweep is linear. Con- 
sequently, we can regard the horizontal sweep asatime scale, 
and for this reason it is often called a time base. By varying 
the frequency of the sawtooth deflection wave, any desirable 
time base can be produced. 


Vertical Deflection 


Let us now assume that we have applied a sawtooth voltage 
of sufficient strength or amplitude to our horizontal deflection 
plates to produce a suitable time base line on the screen. If 
we apply a sine-wave voltage to the vertical deflection plates, 
it will be reproduced onthe CRT screenas shown inFig. 7-14. 
While the sawtooth voltage deflects the beam horizontally, the 
sine wave moves it upanddown. Thus, toproduce a waveform 
on the screen, both vertical and horizontal beam deflection is 
required. Horizontal sweep voltage,is usually supplied by cir- 
cuitry inside the scope. The voltageto be examined is brought 
into the scope via the test leads connected to the front panel. 

The voltages appliedto the deflection plates are AC voltages, 
and as suchthey have a certain frequency. Now letus suppose 
the sawtooth sweep voltage has a frequency of 100 Hz (cycles 
per second), and that the sine wave input to the vertical de- 
flection plates has the same frequency. While the sine wave 
goes through its first half cycle, the sawtooth will move the 
beam halfway across the screen (assuming that the sawtooth 
and the sine wave forms both start at exactly the same moment). 
The result will be as shown in Fig. 7-15, one complete sine- 
wave cycle displayed on the CRT screen. Now suppose we 
change this 1:1 frequency relationship by reducing the frequency 
of the sawtooth to 50 Hz (cycles per second). The sine wave 
will complete two cycles while the sawtooth completes only 
one; thus, we will see two complete sine waves onthe screen 
(Fig. 7-16). On the other hand, if we increase the frequency 
of the sawtooth to some odd value, such as 120 cycles per 
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TIME 


F=|00 CPS 


F=100 CPS 


F=100 CPS 


F=50 CPS 


F=I00 CPS 


F=I20 CPS 


Fig. 7-14. With a sawtooth volt- 


age applied tothe horizontal de- 


flection plates and a sine wave 
input to the vertical deflection 
plates, the pattern shown on the 
screen will be a sine waves 


Fige 7-15. When the frequency of 
the sawtooth sweep and the sine 
wave input arethe same, a single 
cycle will be displayed on the 


screene 


Fige 7~16. If the sawtooth fre- 
quency is decreased, we will see 
more cycles of the waveform on 
the screen. Shown isa2:1 ratio. 


X 


Fige 7-17. Here the input fre— 
quency is 100 cps, but the hor- 
i zontal sweep has been increas-— 
ed to 120 cps. The result is 
that only part of the input 
waveform appears onthe screen. 


\/ second, we would see only a part of the sine wave, as shown 


A in Fig. 7-17. 


X 


The internal sawtooth frequency is determined by the setting 
of time -base controls on the front panel of the scope. One of 
these is marked "coarse frequency" and the other is "fine fre- 
quency.'' The coarse frequency control, which may havea 
range from a few cycles to 50,000 cycles, is used to set the 
horizontal sweep to its approximate frequency. The fine fre- 
quency control, calibrated with a scale reading from zero to 
100, is used for more precise adjustment. In using these 
controls, it is helpful to know the frequency of the voltage 
being examined. Thus, if the input signal frequency is 600 
Hz, and you want to see three complete cycles on the screen, 
you would set the coarse control to one-third ofthe input fre- 
quency, or 200 Hz. Adjustment of the fine frequency control 
would then permit sine waves to be reproduced on the screen. 
Two cycles could be obtained by setting the frequency controls 
for a 300-Hz sweep. 


Synchronization 


The sawtooth voltage used for horizontal sweep is produced 
by a sawtooth oscillator, alsoknownasatime-base oscillator 
or time-base generator. This oscillator is a free-running 
type, and its basic frequency is determined by the values of 
the components used in the oscillator circuit. In its free- 
running condition, the output ofthe time-base oscillator is not 


the waveform display on the screen will drift back and forth. 


(tne wavel stable. Without some means of frequency control, 


\ 


To make sure the oscillator will remain in step with the dis- 
played signal, some form of oscillator synchronizationis re- 
quired. ue 


Sync Signal Selector 


For the most part, the sync signal used in typical oscillo- 
scopes is a sine wave, although other types of AC waveforms 
can be used. The sync voltage source is selected by a front 
panel control known as the sync selector. On a representative 
scope the control can be set in any one of three different 
positions—external, internal, and line frequency. In the ex- 
ternal position any available sync signal can be applied to the 
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scope through a terminal on the front panel. When the syne 
selector is set on internal a small portion of the vertical input 
signal is tapped off and used to control the frequency ofhori- 
zontal sweep. Thus, ifyouare examining a sine wave, or any 
other waveform for that matter, and have connected this volt- 
age to the input of the scope, a small portion of this signalis 

sed to trigger the horizontal sweep oscillator. With the syne 
signal selector in the line-voltage position, part of the 60-Hz 
line voltage in the scope is tapped off and used. 

The amount of sync voltage applied to the sweep oscillator 
is governed by another control onthe front of the scope. This 
control, marked sync signal amplitude, should always be set 
as close to its zero position as possible, or to the minimum 
position which will lock in the pattern on the screen. Exces- 
sive sync voltage will cause erratic operation of the sweep 
oscillator and may distort the waveform you want to see. 

The velocity of the electron beam in the CRT, as it moves 
from the cathode toward the screen, makes it necessary to 
use fairly high potentials to deflect the beam. Thus, ampli- 
fiers are used for both the vertical and the horizontal de- 
flection plates. The output of the sweep oscillator is fed into 
a horizontal deflection amplifier, andits gainis controlled by 
a front panel potentiometer, known as the horizontal gain con- 
trol. Similarly, the vertical input is followed by an ampli- 
fier, and its gain is determined by the setting of a potentio- 
meter located on the front panel. Known as the vertical gain 
or V-gain control, it is used to adjust the amplitude of the 
signal appearing on the screen of the scope. 


ooking at the Scope 


Fig. 7-18 is a drawing of a typical scope front panel. Not 
all scopes look like this, of course. For example, this draw- 
ing shows binding posts for the vertical and horizontal input. 
Other scopes may use coaxial connectors instead. In addition, 
the syne selector on many scopes offers a choice of either 
positive or negative sync, which simply means the sync signal 
can be reversed in polarity for more stable control of the 
horizontal sweep oscillator. Starting at the top left-handside 
we have the intensity control. The on-off switch is usually 
part of this control, although on some scopes you may find a 
separate toggle switch. Over at the top right-hand side we 
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have the focus control. Back on the left-hand side, the next 
controlis marked "horiz position. '' Onsome scopes this con- 
trol may be labeled Xposition, H position, or horizontal cen 
tering. Moving down we come tothe "horiz amplifier" control. 
This may also be marked X gain, H gain, or horizontal amp. 
The vertical input terminals are shown at the lower left. 
You may find these marked Y signal input, V, vert. input, 
or vert. amp. In the center of the control panel you will see 
the sync selector control. This may also be marked as the 
sync signal selector, synchronizing selector, timing sync, 


HORIZ 
AMPLIFIER FINE FREQ. CONT 


CON 
PILOT 
SELECTOR OFS 


Fige 7-18. Controls on the front panel of 
a scope may have names other than shown 
here and may also be positioned differently. 


or synchronizing. The sync selector shown has three possible 
positions—line, external, and internal. Some scopes have 
additional positions for both positive and negative internal and 
external sync. In the center ofthe scope panel, directly under 
the CRT, is the syne control. This could also be marked as 
sync signal amplitude, sync signal, sweep sync, or locking. 
Directly below is the fine’ frequency control, which may be 
labeled sweep vernier frequency, or freq. vernier. The 
coarse frequency control hides under other identification such 
as sweep range, freq. range, or range. Over at the right- 
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hand side of the panel, the vertical position control is also 
called Y position or vertical centering. Sometimes just the 
word centering is used. Moving down to the vertical ampli- 
fier control, this may be also identified as V-gain, Y-gain, 
vert. gain, vert. amp, or Y-axis gain. 

Located between the vertical position and vertical amplifier 
controls is a terminal marked ''60-cps test signal.'' This 
terminal is connected to a 60-cycle source inside the scope, 
generally alow-voltage point such as a filament winding. The 
advantage of the 60-cps test signal is that it provides a fixed- 
frequency sine-wave which can be used as a signal amplitude 
reference to determine the peak-to-peak voltage value of the 
input signal. The horizontal input terminals at the bottom of 
the scope panel are also known as X signal input, H, or hor. 
input. The final control is the one marked H/amp sweep. 
Sometimes the letter H is omitted and the control is just 
identified as sweep/amp or it may be sweep/H. 


You may find controls on a scope other thanthe ones we have 
described. For example, you may come acrossaZ axis input 
for modulating the intensity of the CRT beam. You may find 
a special switch just for turning the beam on or off, while all 
other circuits in the scope remain operative. But basically, 
the scope will have the controls described. The large number 
of controls on a scope andthe use of different names for each 
control by the various manufacturers sometimes make a scope 

/ look bewildering. And, even if a scope should happen to use 


y 


\ controls identified exactly as we have showntheminFig. 7-18, 
they may be positioned differently. The horizontal position 
control might be onthe right instead of the left. The positions | 
of the vertical and horizontal amplifier controls may be trans- 
posed. Generally, though, vertical input is at the left; hori- 
zontal input is at the right. If you know how a scope works, 
and if you understand the purpose of each control, it won't 
take you very long to make practical use of the instrument. 


Scope Circuits 


Fortunately, the number of circuits inmost scopes is limited 
—a verticalamplifier, ahorizontalamplifier, a sweep oscil- 
lator, and a power supply (see block diagram, Fig. 7-19). 
We're going to begin with the sweep oscillator, but will call 
it by its more dignified name—a time-base circuit. 
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Fige 7-19. Block diagram of a typical oscilloscope. 


Time-Base Circuits 


The jobof the time-base circuit is toproducea voltage which 
will sweep the cathode-ray electron beam horizontally, thus 
producing a line oflight acrossthe face ofthe CRT. The volt- 
age waveform produced by the time-base oscillator is asaw- 
tooth, generated by charging and discharginga capacitor. To 
see how a capacitor can produce a sawtooth waveform, look 

t Fig. 7-20. The ascending line is the charge curve. If the 
capacitor is discharged through a resistor, we will get a 


E CHARGE 


E DISCHARGE 


E OR | 


Fige 7-20. Charge and discharge curves of a capaci- 
tor. The slope of the discharge curve depends on the 
values of R and C. Circuit shows charging current. 
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sloping discharge curve. However, we can get closer to a 
true sawtooth by discharging the capacitor more rapidly, as 
shown in Fig. 7-21. The base line on which we show the 
capacitor charge and discharge is plotted against time. It 
takes time to charge the capacitor; it takes timeto discharge 
it; 

If we assume that, originally, the cathode ray beam was 
positioned by the horizontal centering control sothat the elec- 
tron beam hit the left side of the screen (looking at the screen), 
then the ascending curve of the sawtooth would move the beam 
across the screen to the right-hand side. The extreme right- 
hand position on the scope screen would correspond to the 
maximum point on the capacitor charge curve. At this time, 
however, we short our capacitor and, since the voltage drops 
to zero, the CRT beam moves back to its starting point. We 
have produced two separate actions: the forward sweep of the 


E DISCHARGE 


Fige 7-21. The slope of the discharge line be- 

comes steep and straight when the capacitor is 

discharged through a conductor. 
CRT beam, and its return or retrace.,The forward sweep is 
the action that takes the longer amount oftime and actually is 
the amount of time required to charge the capacitor. The re- 
turn trace or return sweep takes place quite rapidly. 

The difficulty with our sawtooth is that it isn't as linear as 
it should be. In fact, it has quite a bendinit. Matters can 
be improved, though, by not waiting until the capacitor is 
fully charged, rather we discharge it at a somewhat earlier 
time. The effect ofthis actionis to reduce the sawtooth amp- 
litude as shown in Fig. 7-22. What we give up in amplitude 
here can be made upin the amplifier which follows the time- 
base generator. 


TIME 


The Relaxation Gas-Tube Oscillator 


What we need now is a circuit that will permit us to charge 


rm 


: 

_ and discharge a capacitor by electronic means. This can be 
done with the gas-tube circuit shown in Fig. 7-23. Known as 
a relaxation oscillator, the circuit consists of capacitor C, 
gas-tube V1, and resistors R1 and R2. A gas-tube is nothing 
more than a switching device. When the voltage between the 
plate and cathode of the tube is high enough, the tube will 
ire—that is, the tube will conduct. If the voltage between 
plate and cathode of the gastube falls below a certain amount, 
the tube stops conducting. Thus, the tube can be made to act 
like an open circuit or a short circuit. 


Let's see what happens when this circuit is turned on. The 
gas tube and capacitor C are in parallel with each other and 
in parallel with the battery (representing the power supply). 
With the circuit on, current will flow through the capacitor | 
andresistor R2, producing a voltagedrop across the resistor. 
The voltage across the gas tube is equal to the battery or the 
supply voltage minus the voltage drop across R2, not enough 
at this time to cause the gas tube to conduct. Therefore, the 
tube is initsopen circuit condition. As the capacitor charges 
it draws less and less current, gradually reducing the voltage 
drop across R2. Thus, the voltage onthe plate of the gas tube 
increases, and whenit becomes high enough the gas tube fires. 
In this condition the gas tube is like a short across the capaci- 
tor, so the capacitor discharges quite rapidly through the gas 
tube. 

The large amount of current drawn through R2 during con- 
duction of the gas tube produces a large voltage drop across 
the resistor, so the voltage available to the plate of the tube 
drops to a low value. Therefore, it stops conducting and the 
capacitor starts charging once again. If the gas tube is made 
to conduct earlier, wethen get more waves per second. Hence, 
by changing the bias in the grid circuit we can control the 
number of times the capacitor charges and discharges per 
second, or the frequency of this sawtooth generator. 


Time-Base Generator 


The schematic in Fig. 7-24 shows the function of time-base 
controls. In the plate circuit there is a switch which selects 
any one of a number of different capacitors—the coarse fre- 
quency control—anda potentiometer, the fine or vernier fre- 
quency control. Sync voltage is applied to the grid througha 
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signal selector switch, offering a choice of line, internal, or 
external sync. The potentiometer in the grid circuit controls 
.syne voltage amplitude. 

A vacuum tube can be used as atime-base generator instead 
of a gas tube. The circuit in Fig. 7-25 is so arranged that V1 
and V2, alternate between conductionand cutoff. When V2 con- 
ducts, V1 is off. When V1 conducts, V2 is off. When V2 is 
cut off, C2 charges. When V2 conducts, C2 will discharge 
through the tube. This charging and discharging action of C2 | 
produces a sawtooth waveform. 


Horizontal Amplifier Circuit 
Since the output of the time-base generator is usually too 


weak to provide adequate deflection of the CRT beam, it must 
be amplified. For this purpose most scopes use a horizontal 
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| +150V + 385V 
Fige 7-26. A basic horizontal amplifier circuit. 


amplifier, which also amplifies an external signal connected 

tothe Y or horizontalinput terminalsif necessary. Fig. 7-26 

shows a representative horizontal amplifier circuit. In some 

scopes a step attenuator is used to reduce the amount of sig- 
’ nal input to the first amplifier tube without altering it in any 

other way. The horizontal gain control also varies the input 
signal, but since it follows the first stage distortion can oc- 
| cur if the first stage is overloaded. 

In Fig. 7-26 the output of cathode follower V1 is taken from 
the DC balance control. The plate of V1 is tied to +105 volts 
and the cathode is returned to -105 volts. Thus, the cathode 
follower tube, the DC balance potentiometer, and resistor R1 
form a voltage divider. Somewhere onthat voltage divider we 
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have zero volts. The DC balance control is adjusted so that 
the arm of the controlisas close tothat zero-voltage point as 
possible. Thus, in the absence ofa signal, the voltage put 
on the grid of amplifier tube V2 is zero. 

~The output of Vlis fed to amplifiertube V2 through the hori- 
zontal gain control. Theadjustment of this control determines — 
the amount of sweep, therefore, the length of the horizontal 
sweep line on the CRT screen. V2 is cathode-coupled to amp- 
lifier tube V3, and the outputs of V2 andV3 are direct coupled 
to V4 and V5. The purpose of V2-V3 circuitry is to supply a 
pair of out-of-phase signals to V4 and V5. Thus, the outputs 
of V4 and V5 are out of phase, providing the equivalent of 
push-pull operation without the use of a push-pull transformer. 
The advantage here is that as one horizontal deflection plate 
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Fige 7-27. A typical vertical amplifier circuit. 
Peaking coils are used to extend the frequency 
response of the amplifier. 


is made positive the other horizontal deflection plate is made 
negative. 


The Vertical Ameier 


The vertical amplifier circuit in Fig. 7-27 also uses a step 
attenuator at the input of cathode-follower V1. A DC balance 
control, whose functionis the same as in the horizontal amp- 
lifier, is located in the cathode circuit. The signal is ampli- 
fied by V2 and the output is used to drive another cathode fol- 
lower, V3. Notice the peaking coil in the plate circuit of V2. 
The purpose ofthis coil is to extend the frequency response of 
this stage. V4 and V5 are push-pull output tubes. Part of the 
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Fige 7-28 A scope power supply is really three 
supplies using iGiigts)iranesonee. 


output is tapped off and used as a synchronizing voltage when 
the scope's sync selector control is set to internal sync. In 
the plate circuits of V4 and V5 there are additional peaking 
coils used to extend the frequency response of the push-pull 
output stage. 


DC Operating Voltages K— 


It is usual practice to make the cathode and the control grid 
of the CRT highly negative. The usual CRT voltages are from 
one to two kilovolts, but higher voltages are used. The CRT 
requires little current, generally 1 milliampere or less. The 
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Fige 7-29. CRT operating voltages are taken from a bleeder 
across the high-voltage supply. 
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vertical and horizontal amplifiersin the scope require low B +, 
ranging from 100 to about 300 volts. The total plate and 
screen requirements may be 10 milliamperes or more per 
tube. Thus, we have two basic requirements for the scope's 
power supply: high voltage and very low current, moderate 
voltage and much higher current. The high-voltage supply is 
usually ahalf-wave type followed by a simple R-C filter. The 
low-voltage supply is either a full-wave rectifier or a full- 
wave voltage-doubler type. A vacuum-tube rectifier is used 
for the high-voltage supply while either tubes or silicondiodes 
are used for the low-voltage supply. The filter for the low- 
voltage supply can be an R-C or L-C type. 


The Power Supply Circuit 


Fig. 7-28 shows a typical scope power supply circuit. A 
single power transformer is used, but you can see there are 
a number of secondary windings for the different voltage re- 
quirements. Starting on the primary side we have the on-off 
switch and a fuse. The switchis located on the intensity con- 
trol. The fuse may be a plug-in type and is generally located 
at the back of the scope. 

In this circuit a half-wave diode supply gives us 1500 volts 
across the output filter capacitor. Fig. 7-29 shows the de- 
tails of the high-voltage bleeder. Ground on the bleeder is 
zero, and as we move along it the voltage becomes more and 
more negative. From the position of the CRT cathode and 
control grid connections you can see that the control grid of 
the CRT is tied ontothe more negative portion of the bleeder, 
making the control grid negative with respect to the cathode: 
The voltage between control grid and cathode can be changed 
by varying the intensity control, which changes the bias on 
the CRT. Consequently, the intensity control varies the 
brightness of the trace on the scope screen from completely 
off to extremely bright. The normal position of the intensity 
control should be for the minimum amount of brightness that 
will give a good, viewable trace. 

Another potentiometer that is part of the high-voltage bleeder 
is the focus control, since the focusing anode is also the first 
anode. It may seem oddthat there isa negative voltage on this 
anode, but since the anode voltage is much less negative than 
the cathode, the effectisjust the same asifwe had put a posi- 
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from the cathode and help move them along to the screen. 

A word of caution about the CRT anode: Thisisthe maxi- 
mum high-voltage point in the CRT. While a shock from this 
high voltage may not be lethal, it can be unpleasant. The 
natural reactionto a shockis quick withdrawal of fingers, but 

if there is something in the way the resulting bruise may be 


\ tra voltage on it. This anode, then, will attract electrons 


far more serious than the shock. Incidentally, the fact that 
the high voltage is negative makes no difference. Polarity 
doesn't count when you accidentally touch a high-voltage point. 

Fig. 7-29 shows that one side of the CRT filament is also 
connected to the high-voltage bus. Since there is no current 
flow through the 100K grid return resistor, the filament and 
control grid are at the same potential. If we allowed the fila- 
ment to 'tfloat,'' the high potential that would exist between 
filament and cathode might cause a breakdown. This bias on 
the CRT ranges from near zero to minus two hundred volts 
(approximately). 

The second or accelerating anode is connected to a potentio- 
meter known as the astigmatism control. As shownin the 
schematic, one end of this control is grounded. But ground 
is alsothe most positive point onthe bleeder network. In this 
circuit there is a potential difference of about 1500 volts be- 
tween ground and cathode, the exact amount depending on the 
positioning of the intensity control at any particular time 
Thus, asfar astheaccelerating or second anodeis concerned, 
itis 1500 volts plus with respect to the cathode whenthe astig- 
matism controlis at its ground end. The astigmatism control 
is also connected to 400 volts B+. By connecting the pot this 


way, the two voltage supplies, high-voltage and low, are 
wired in series aiding. As a result, when the astigmatism 


control is at one end, the second anode will have 1500 volts 
plus 400 volts or a total of 1, 900 volts on it. 


The Low Voltage Supply 4 


There aretwo low-voltage power supplies in Fig. 7-28. One 
supplies B+, the other B-. The B+ supply is a full-wave 
voltage doubler type using an R-C filter. 400 volts B+ is 
tapped off the filter. Following the filter is a gas diode volt- 
age regulator which helps maintain a constant output of 150 
volts, regardless of minor fluctuations in the load. The other 
power supply is a full-wave voltage doubler type with a regu- 

- lated negative output. 
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CHAPTER 8 


Using the Oscilloscope 


A scope can look quite complicated to those who have not used 
it. For one thing, it has a larger number of controls than 
other instruments. And the patterns produced by the scope 
can be confusing, especially if the relationship between the 
controls is not understood or if there is no understanding of 
what they are supposed to do. The thing to do when you get a 
scope for the first time is to become acquainted with its con- 
trols and learn what each is supposed to do. It's a great 
temptation to see the variety of waveforms that may be ob- 
tained, but you must know how the scope works and why it 
works to be able to use it intelligently. Waveforms may look 
interesting, but they won't mean a thing unless you under- 
stand how you obtained them. 


Use of the Controls oe 


The on-off switchis probably located onthe intensity control. 
By adjusting it back and forth you canreadily see its effect on 
the illumination. Setthe sync selector controltointernal sync. - 
Set the coarse and fine frequency controls to approximately 
center position. Adjust the horizontal gain control until you 
have a horizontal line on the screen; rotate the control and 
note its effect on the line length. Now adjust the focus control 
for best possible focus—that is, try making the horizontal 
sweep line as sharp as possible. Adjust the intensity control 
and note its effect on focus. 

Ifthe line across the screen seems to have tiny waves or rip- 
ples in it, turn the vertical gain control to its zero position, 
the maximum counterclockwise setting. Connect a small 
piece of bare wire to the vertical input terminal and put your 
finger on it, then slowly turn the vertical gain control. You 
should see some type of waveform on the screen. It probably 
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vertical gain control and notice that you can make the amplitude 
as large or as small as you wish. 

Now adjust the syne signal amplitude control untilitis in its 
zero position or maximum counterclockwise setting. Turn 
the coarse frequency control until there are three complete 
wave cyclesonthe screen. These waves may be running back 

\ and forth. Advance the sync amplitude control and notice how y 


ee resemble a distorted or jagged sine wave. Rotate the 


the setting of this control locks the waveform in place. Keep 
turning the sync control and you will see that the effect of an 
excessive sync signal is to distort the pattern. Return the 
sync signal amplitude control to the minimum position at which 
it locks in the pattern. Set the coarse frequency control for 
two complete cycles and then for one complete cycle of the 
wave. You will find that adjusting the fine frequency control 
will help you get the number of waves you want. 

Connect an audio generator to the vertical input terminals. 
If you do not have an audio generator, use a filament trans- 
former. Your scope may have a terminal marked "60 cps" or 
"test signal."’ This is a 60-Hz (cycle) voltage source and you 
can use it by connecting a wire between this terminal and the 
vertical input terminal. Adjust the frequency controls until 
you have three complete waveforms on the screen. Readjust 
the focus and intensity controls and notice the effect bothhave 
onthe brightness ofthe waveform andits sharpness. Advance 
the sync signal amplitude control and notice again that it will 
distort or tear the waveform if advanced too far. Rotate the 
vertical gain control and observe how you canmake the pattern 
larger or smaller. Also vary the horizontal gain control to 
see if you can bring the waveform close together or spread 
wide apart. If you turnthe sync signal selector control to ex- 
ternal sync, the waveform probably will run back and forth x 
across the CRT screen. 

Itis possible to use an external sine-wave sweep, as described 
earlier, by connecting a source of sine-wave voltage to the 
H input terminals and turning the sweep/H amplifier control 
tothe H input position. When using such sweep, it is possible 
for the return trace to become visible. Notice the difference | 
between the sawtooth and the sine-wave sweep. With a saw- * 
tooth, the time of retrace is extremely short—so short, in 
fact, thatthe return movement ofthe beam toits starting posi- 
tion may not produce a return trace of light. With external 
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sine-wave sweep, however, the forward and return movemert 
of the beam is at the same rate. Consequently, it is entirely 
possible to see the return trace unless it is superimposed 
directly onthe forward trace. Some scopes come equipped with 
a phasing control. Basically, it is just a phase-shifting net- 
work to make surethat both the forward and reverse patterns 
coincide. Fig. 8-1 shows the effects of proper and improper 


phasing. 
Good Scope Practices x 


There are a few do's and don'ts regarding the care and use 
of a scope. It is an unusual instrument, and even inexpensive 
types can supply a large amount of information ifproperly 
handled and properly used. . 

1. Do not operate the scope with its cabinet removed. Not 
only isthere danger ofdamage tothe CRT, but stray magnetic 
fields may affect the pattern onthe screen. The metal cabinet 
protects the scope and also acts as a shield. 
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2. It is quite customary to have the scope working all day. 
There is nothing wrong with this; scopes are intended to be 
servicing and laboratory workhorses. Butif you are not using \ 
the scope, turn down the intensity control (or the beam-off 
switch, if there is one) so there is no trace on the screen. 
The glowing pilot light will act as a reminder that the scope 
is on. 

3. Tubes used in scopes, such as the vertical andhorizon- 
tal amplifiers, do get weak. Don't depend on advancing the 
H and V gain controls. Replace the tubes when they become 
weak. 

4. Keep the scope away from anything generating a strong 
magnetic field, such as a heavy-duty isolation transformer. 
The fields of such devices may be strong enough to penetrate 
the scope's cabinet and make it impossible to get a perfectly 
straight horizontal trace. 
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Fige 8-2. Low-capacitance probe schematic. 


5. .\Make sure you stay within the voltage input limitations 
of your scope. 


Scope Probes xX 


Just several inches of wire connected to a scope's vertical 
input terminal may be enough to produce a pattern on the screen. 
To avoid such pickup good scope practice calls for the use of 
a shielded input lead. The "hot" lead or center conductor of 
the shielded lead is connected to the vertical input terminals 
while the shield braid is attached to the ground connection. 
Some scopes are special connectors so that the "hot" and 
"ground" connections are made at the same time. The dis- 
advantage of shielded cable is that it adds capacitance across 
the input. This capacitance can distort the signal input, es- 
pecially in the higher frequency ranges. To avoid this diffi- 
culty, a special probe, known as a low-capacitance probe, 
is used. Fig. 8-2 shows the circuit of such a probe. It con- 
sists ofa 1 meg resistor shunted by asmall variable capacitor 
having a range of approximately 2 to10 picofarads. While the 
probe does cause signalloss, it canbe overcome by advancing 
the vertical gain control on the scope panel. 

Another type of probe is a demodulator (or detector) probe 
(also known as an RF probe). The circuit is shown in Fig. 
8-3. A probe of this type may be used in testing modulated 
RF signals, suchas the signals preceding the second detector 
in radio and television receivers. The diodeinthe demodula- 
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tor probe works as a simple detector. The frequency of the 
detected signal is much lower than that of the modulated sig- 
nal and can be fed to the vertical amplifier in the scope. If 
(without the probe) you check circuits inradio receivers prior 

to the second detector, the display on the scope screen will 

be distorted, or quite possibly you may not See anything at all, 
Demodulator probe cable should have as low a capacitance as 
possible. It is advisable to use cable designed for this pur 
pose. Probe cables should never be any longer than absolutely 
necessary. 

Still another accessory used with the scope is the isolation 
probe. As shown in Fig. 8-4 this is a very simple type and 
consists of a 1 meg resistor inserted in series with the hot 
lead of the probe cable. The purpose of the probe, as its 
name suggests, is to isolate the scope's input circuit from 
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Fige 8&4. An isolation probe is used to isolate the circuit 
under test from the scope input. 


the circuit being checked. This is important where the cir- 
cuit being checked must not be loaded or altered if the wave- | 
form it produces is to be observed correctly. Some techni- 
cians attach a 1 meg resistor to their demodulator and low- 
capacitance probes to get additional isolation, but this pre- 
caution isn't necessary. 

Quite often there will be both DC and AC at the point in the 
circuit being tested. A small capacitor connected between the 
scope's vertical input and the test point can be used to block 
theDC. The higher the frequency atthe check point, the lower 
the capacitor value which may be used. In some cases, just 
putting the point of the test probe near the check point is suf- 
ficient; the capacitance existing between the check point and 
the probetip may be enoughtocouple sufficient signal into the 
probe. In anyevent, itisalways better to use the lowest value 
of capacitance that will permit sufficient signal to pass. 
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Measuring AC Voltages of2 an 


The scopeis not only usefulfor observing all kinds of wave- 
shapes, butit canalso be used to measure their actual values. 
This is of considerable advantage, for meters generally are 
suitable only when the waveforms to be measured are sinu- 
soidal. We can measure the peak-to-peak amplitude of any 
type of waveform by using a sine wave voltage as our calibra- 

/ tion source. To calibrate the scope we need a source of AC 
voltage, such as the power line. In addition we need the help 

\ of an AC voltmeter, and, of course, the more accurate the 
meter, the more accurate our calibration will be. Finally, 
we need a linear potentiometer having a 25, 000-ohm range. 

Fig. 8-5 shows the setup to use in calibrating the scope. 

PoT 


25K OVERT 
AC INPUT ‘¢ VOLTMETER 


The value of AC input voltage is determined by the setting of 
the potentiometer. The meter is shunted across the center 
arm of the pot and the groundterminal ofthe scope and reads 
the root-mean-square or rms value of the AC input voltage. 
However, since we are going to calibrate our scope in terms 
of peak-to-peak, not rms, we need to know the relationship 
between the two. Rms can be converted to peak-to-peak by 
multiplying the rms value by 2.82. Fig. 8-6 shows the re- 
lationships for various values of a sine wave. The peak value 
of a sine wave is 1.41 times the rms value. To get the peak- 
to-peak value we simply multiply the peak by 2. Typical power 
line voltage is usually 117 volts rms. To get the peak value, 
] multiply 117 by 1.41 and we get 164.97 volts. To obtain the 
peak-to-peak value, 164.97'is multiplied by 2. This infor- 
N nation can be used to calibrate the scope. Connect the signal 
source to the vertical input terminals, as shown in Fig. 8-7. 
This illustration shows the use of an ordinary filament trans- 


Fige 8-5. Method of 
calibrating an os- 


cilloscope. 
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Figs 8-6. Relationships between the various values 
of a sine waves 


former as the calibrating voltage source. The input voltage 
is 6.3 volts rms. If this value is multiplied by 2.82 we will 
get the peak-to-peak value of the input, or 17.666 volts. We 
can call this 18 volts. Most scope graticulesare marked off 
in squares. Adjust the vertical gain control until the wave- 
form onthe screenoccupies 18 squares. Nine ofthese squares 
will be above the thick horizontal line or X-axis and nine will 
be below it. 

Now each square on your scope represents 1 volt. Disconnect 
the filament transformer from the power line and then dis- 
connect it from the V and G terminals of the scope. Do not 
touch any of the controls on the scope. You can now connect 
a voltage source to the V and G input of your scope and mea- 
sure its voltage. There is a limitation to this, since your 
scope, as presently calibrated, may not be able to measure 
more than 50 to 100 volts peak-to-peak, depending on how 
many vertical squares you have on the graticule. But youcan 
always recalibrate the scope using a higher AC input voltage. 
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11 7VAC | Fige 8-7. A 6-3-volt filament 
transformer can be used to 


calibrate a scope. 
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Determining Vertical Deflection Polarity 


Some scope patterns may show a distorted upper or lower 
half, and oftenthetrouble can't be traced to its source unless 
the input polarity of the scope is known. To determine the 
polarity of deflection, turn off the horizontal sweep and re- 
duce the intensity to the point where the spot of light barely 
can be seen and adjust the focus control to a position that 
causes the spot to be as large as possible. Set the vertical 
gain control to its maximum. Connect short pieces of in- 
sulated wire to the vertical input terminals. Touch the two 
together momentarily, then touch them to the terminals of a 
4 to 6 volt battery. The spot will jump either up or down, 
then return slowly. It jumps because the battery voltage causes 
the scope's input DC blocking capacitorto charge, thenslowly 
discharge. Touch the wires together to completely discharge 
the capacitor, then reverse the battery connections to the in- 
put. The spot will now jump in the opposite direction. Notice 


Fig. 8-8. Scope setup for frequency comparison. 


the battery polarity that makes the spot jump up. If the spot 
jumps up when the positive battery terminal is touched to the 
hot terminal, the scope input is positive. " 


Frequency Comparison @ 


A scope is a convenient means of comparing the frequency 
between two waveforms. The waveform of an unknown fre- 
quency may be applied to either the horizontal or vertical in- 
put anda waveform ofadjustable frequency (an audio generator, 
for example) is applied to the other input. If an adjustable 
frequency source is not available, a small power line voltage 
may be used when the unknownis amultiple or a simple frac- 
tion of the power line frequency. In Fig. 8-8 an audio oscil- 
lator is connected to the vertical input and a sine-wave volt- 
age connected to the horizontal input. We can get this sine- 
wave voltage from the power line by using a step-down trans- 
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former, such as a filament transformer. The frequency at 
the H-input can be 60 Hz or line frequency. Alternatively, _ 
you could connect an audio generator to the H input and then 
set the dial on the audio generator for any desired frequency. 
What sort of patterns will we see onthe scope screen? That 
depends on the ratio of the two frequencies—thatis, the ver- 
tical and horizontal input frequencies. If bothfrequencies are 
identical, youmay seeacircle onthescreen. If the frequency 
is a two-to-one ratio, that is, if the vertical frequency is 
twice the horizontal frequency, you will have apair of vertical 
ellipses, next to each other. Such waveforms are commonly 
called Lissajous figures. Since each pattern obtained is a 
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Fige 8-9. Frequency comparison patterns called Lissajous figures. 


definite ratio of one frequency to another, we can use this 
technique for calibrating anunknown frequency source. Thus, 
by connecting a calibrated audio generator to the H input and 
an unknown frequency to the V input, we can determine the 
unknown frequency by the pattern it produces. In Fig. 8-9A, 
for example, a 360-Hz signal is applied to the vertical and a 
60-Hz to the horizontal input, a 6-to-1 vertical-to-horizontal 
ratio. The reverse ratio is shown in Fig. 8-9B. An unknown 
frequency may be determined by counting the number of wave- 
form loops across the top and side. The ratio of the known 
and unknown frequencies is the same as the vertical-to-hori- 
zontal ratio of the Lissajous figure. This method may beused 
with ratios as high as 12 to 1. 
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CHAPTER 9 


- Servicing With the Oscilloscope 


The VOM and VIVM are limited to sine-wave measurements. 
A distorted waveform measured by a VOM or VTVM will re- 
sult in a movement of the meter pointer, but such readings 
are on a scale calibrated in rms volts. The value indicated 
by the pointer will be meaningless. The scope is the only in- . 
strument available to the technician which can both measure 
and display waveforms other than sine waves. And sine waves 
are not as common as you might think. Yes, the voltage 
delivered by the local power utility is a sine wave. But the 
f signal received by a radio receiver or a TV set is not. An ye 
\ IF waveform is not. An audio signal is not, unless it isa 
test signal supplied by a generator (and this is not always 
true either). The sync voltages used in TV receivers are not 
sine waves. The input to a power supply is sinusoidal, and 
the power supply output may havea sine wave ripple, but that's 
about it. There are many uses for the scope—alignment, 
testing, and measuring are the most common applications. 
Now let's see what we can do about putting the scope to work. 


_ Checking DC Voltages 


Speaking of DC voltages, your first thought probably is the 
power supply, andquite correctly so. Butwe must remember 
that the DC of the power supply does not remain there. It is 
used throughout the receiver. The problem is that as we move 
away from the power supply we may tend to forget that certain ye 
points in a receiver should remain at DC potential. Suppose 
we consider a few of these. | 

Consider the screen grid circuit shown in Fig. 9-1. Rlis 
commonly referred to asthe screen dropping resistor andCl 
as the screen bypass. These are just names and they do not 
tell the whole story. R1 and Cl also can be considered as 
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additional filter units for the power supply. The big problem, 
though, is that one end of Rl is connected to a grid which is 
poking its wire structure right into a moving stream of elec- 
trons in atube. Without C1 the screen grid behaves asa plate 
in competition with the plate of the tube. Ideally, the screen 
grid end of R1 should be at AC signal ground potential, andit 
will be if C1 is high enough in capacitance value. 

How can we find out? Here's a simple way. Connect a test 
signal to the input and a scope to the output of an audio amp- 
lifer. Use the vertical input terminals of the scope with the 
syne control at its minimum setting and the coarse and fine 
frequency controls set to supply one or two sine-wave cycles 
on the screen. The generator audio output probably will be 


Fige 9-1e Screen grid should be at signal ground potential. 
This test determines how effectively Ci filters the signal. 


about 400 Hz. Now, disconnect the two instruments and con- 
nect the signal generator across the input of the tube—hot lead 
of the generator tothe control grid, ground lead to chassis or 
cathode. Without touching the scope controls, connect the test 
leads across Rl. All you should see is a straight line, if Cl 
is doing its job. If you get a ripple or any type of awaveform 
on the scope screen, try shunting C1 with acapacitor of equal 
capacitance value and equal voltage rating. Watch polarity. 
A scope may fool you. You've got to remember that there 
is a substantial amount of amplification following the vertical 
input, so any hum voltages floating around can be picked up 
by the test leads. If the vertical gain control is cranked up 
near maximum, you may very well pickup a humtrace. This 


may bother you, but of course you make allowance for it. In 
the first place, shielded coax should be used for test leads. 
If you are using unshielded leads you are practically begging 
for an interfering signal, but even with shielded wire you will 
not have protection all the way. If a coax connector is used 
at the scope input you have done the best you can at that end. 
On some scopes, though, the input is through a screw-type 
terminal. This means the coax must be stripped at the scope 
end to make a connection, and it is this stripped portion that 
can produce trouble with signal pickup. At the other end of Was 
\, the coax cable, an unshielded wire may connect to an alligator 
clip. Again, you have a pickup wire. Even if you use a test 
probe (and you should) the needle tip of the probe is unshielded. 
However, the use of a shielded probe and a coax connector is 
the best arrangement. 
* To get familiar with what a test cable and probe can do to 


Fig. 9-2. Test for ripple in the power supply. 


you, connect it to the vertical input and turn the vertical gain 
uptomaximum. Put thetest lead on the bench and seeif there 
is any deviation from the horizontal line. Turn on some of 
your noise generators—your benchlights, fluorescent lights. 

Do you normally have a radio or TV turned on? Turn 'em on. ye 
Turn on your signal generator, too. For all you know it may 

be leaking like an electrical sieve. If, after you have done 
all this, the horizontal line across the face of the screen is 
straight, then you can be sure your equipment and lights are 
not producing any wiggles in your scope waveforms. 


Checking Hum ys 


Receiver hum, and this can exist in an AM, FM, or TVre- 
ceiver, often means a defective filter in the power supply. 
n Fig. 9-2 we have atypical filter circuit. Using anisolation 
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probe, connect it as shown to the vertical input of the scope. 
Turn up the vertical gain. Now shunt C2 with an equivalent 
capacitor. If the hum persists and you see wiggles on the 
screen, try moving the test capacitor across Cl. If the hum 
is caused by poor filtering in the supply, this should cure it. \ 
Incidentally, care must always be exercisedinworking across 
power supply voltages. However, you can be sure the power / 
supply will remind you, given the opportunity. 

There are several ways of identifying hum due to poor fil- 
tering inthe power supply. If the filtering is bad enough, 
you'll be able to hear it, no matter what kind of set you are 
working on. Ina TV receiver insufficient filteringin the power 
supply can result inhum modulation of the picture. There will 
be hum bars floating up and down in the picture. Actually, 
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Fige 9-3. Hum check at the picture tube input. 


there are two types of hum you may see on the screen: One 
is that due to 60-Hz modulation perhaps caused by a cathode- 
to-heater leak. The other is power supply hum (ripply fre- 
quency of a half-wave supply is 60 Hz; that of a full-wave 
supply is 120 Hz). 

Connect the scope's vertical input across the signal input of 
the picture tube, either cathode or cortrol grid, as the case 
may be. Turnthe vertical gain up a bit, and set the frequency 
control to some low value suchas 30 Hz. Short the antenna 
leads or else set the tuner to an unused channel. ‘Starting as 
shown in Fig. 9-3, move back stage by stage toward the front 
end until you pick up the stage producing the hum voltage. The 
hum voltage can be caused by he ater-to-cathode leakage inany 
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one of the tubes from the front end up to the pix tube input, 
unless of course it is coming from the power supply. 


Checking Cathode Filtering ye 


Another place where we like to have nice, smooth DC is 
across the bias resistor of a tube, such as the one shown in 
| Fig. 9-4. C1 is called the cathode bypass, but it is really a 
| filter capacitor. IfClis doing its job, the voltagedrop across 
R1 should be DC. Connect the scope test leads across Cl as 
shown. Turn up the vertical gain control and see what hap- 
pens. There should not be a signal voltage waveform on the 
scope. Turn up the gain of the signal generator. If the tube 
in Fig. 9-4 is an audio amplifier, use the audio signal output 
of your generator. If the capacitor is open, you'll see the si 
signal waveform on the screen. The result will be some de- 
 taserstion a form of negative feedback. This may even im- 
rove the sound output, but there will be some small loss of 
gain, which usually can be overcome by turning upthe receiver 
volume control a bit more. It is more serious if Cl is leaky. 
C1 is in parallel with R1, and R1 supplies bias. A leaky Cl 
can change that bias. 


Checking Distortion 


The distortion introduced in an amplifier stage may be de- 
termined with the setup in Fig. 9-5. Connect the scope to the 
output of the stage under test and a signal generator (with a 
sine-wave output) to the input. The output signal should be of 
the exact waveshape as the input, but of greater amplitude, 
of course. By using several frequency settings (if you have 
an audio oscillator), the precise degree of distortion at any 
specific frequency can be observed. At various points during 
the test it is a good idea to temporarily connect the scope to 

| the output of the generator so that the waveshapes— amplifier 
input and output—can be compared accurately. 

The waveform in Fig. 9-6A is free of distortion. But if, for 
example, the output of a particular stage produces a wave- 
form similar to that in Fig. ‘9-6B, it may bethat tube bias is 
too high or that plate or screen voltage is too low. The op- 
posite condition(s) may exist if the output signal is similar to 
Fig. 9-6C. When both sine-wave peaks are clipped, as in 
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Fig. 9-4. Pure DC should appear across Ri. There shoula be no 
signal indication on the scope screen. 
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Fige 9-5. Setup for checking 
amplifier distortion. 
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Fige 9-6. Scope patterns showing distorted sine wave. 


Fig. 9-6D, itprobably isdue toexcessive signal input; a de- 
fect in the automatic gain control (AGC) or automatic volume 
control (AVC) circuit may cause the receiver to be inoperative, 
particularly when distortion occurs only when stronger signals 
are present 


IF Alignment 


A scope and sweep generator can be used when aligning the 

IF stages of an FM receiver, producing better results than 
with a meter and signal generator. With this method, the 
\ actual tuned-circuit response curves are traced out on the 
oscilloscope screen. The curve shown on the oscilloscope in 
Fig. 9-7 is typical. The peak of the curve must be exactly at 
the resting or center frequency around which the generator 


, is swept. To insure that the peak is at the resting fre- 
x 


quency and that the bandpass characteristics are correct, 
‘marker signals must be used. Marker signals, properly in- 
\ jected into the circuit being aligned, will produce "pips" at 
' points on the response curve corresponding to the frequencies 
of the marker signals as shown in Fig. 9-7. Any signal 
generator that is accurately calibrated and that can be tuned 
G produce an unmodulated signal at the desired frequencies 


Fige 9-7. Setup for IF 
alignment. PIPS 


may be used as amarker generator. Some special generators 
can supply several marker signals simultaneously. To obtain 
_ the three pips as shown in Fig. 9-7, it is necessary to inject 
marker signals at frequencies corresponding to the center, 
upper limit, and lower limit of the IF passband. But unless 


the bandpass characteristics are very critical, one marker 
signal at the center frequency is usually sufficient. © 

To align IF stages by this method, connect the vertical 
terminals of the oscilloscope across the grid resistor in the 
limiter stage. Connect the sweep generator to the grid of the 
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last IF stage. Fig. 9-7 shows the block diagram connections. 
Adjust the primary and secondary trimmers until the desired 
response curve is obtained on the screen. 

Align the other IF stages by moving the signal generator in- 
put to the receiver, one stage at a time, back toward the 
mixer stage and by repeating the above procedure. 


Discriminator and Ratio Detector Alignment 


Fig. 9-8 shows the block diagram connections required for 
discriminator alignment. Thetwopips shown may be obtained 
by connecting two marker signals, at the upper- and lower- 
limit frequencies of the IF passband, in parallel with the 
sweep-generator input. Connect the vertical input of the os- 
cilloscope across the audio output circuit of the discriminator. 
Connect the FM sweep generator to the grid circuit of the last 
limiter stage. Connect the sweep voltage of the FM generator 
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Fige 9-8. Setup for discriminator alignment. 
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(sync line of Fig. 9-8) to the horizontal input of the oscillo- 
scope. 

If the discriminator is properly aligned, a sharply defined 
S curve will appear well-centered on the scope. A further 
aid todetermine the linearity ofthe discriminator is a marker 
signal at the center of the IF passband. This marker will 
appear at the center of the S curve when the linearity is good. 
A raggedly shaped S curve indicates a poorly aligned primary 
circuit. Tune the primary of the discriminator input circuit 
until a smooth S curve (Fig. 9-8) of maximum amplitude is 
obtained. The secondary of the discriminator is tuned for 
maximum length of the linear portion of the S curve. If the 
marker signal is used, tuning should center the S curve on) 
the marker pip. 

When aligning receivers that use a ratio detector, connect 
the sweep generator to the grid of the last IF stage. Connect 
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the scope input to the audio output ofthe ratio detector. Proper 
alignment is indicated by the previously mentionedS curve (the 
same as forthe discriminator), but there the similarity ends. 
If the secondary of the detector input transformer is detuned, 
Ys S curve will become the familiar bell curve (Fig. 9-7). 

Start the alignment by detuning the secondary of the detector 
input transformer. This should result in a bell-shaped curve 
on the oscilloscope. Tune the primary for maximum amplitude 
of the bell curve. 

Alignthe remaining IF stages, oneat atime, moving towards 
the mixer. Then adjust the secondary of the detectortrans- 
former for the S curve. A marker signal, injected with the 
IF signal, is helpful in centering the S curve. 


RF Alignment 


The visual method can be used to align the RF, mixer, and 
oscillator stages of an FM receiver. Connect the vertical in- 
put of the oscilloscope across the limiter grid resistor and 
the sweep g@merator outputtothe antenna terminals of the re- 
ceiver. The test setup is the sameasthatin Fig. 9-7, except 
for the point of sweep generator connection. Set the sweep 
generator and receiver to the same frequency near the high 
end of the receiverdial. This should be done with an accurately 
calibrated marker generator or frequency meter. The sweep 
generator should be adjusted to sweep at least twice the band 
width that the receiver is designed to pass to insure a display 
of the entire bandpass response curve. Adjust the oscillator 
trimmer (also the RF and mixer trimmers if used) for maxi- 
mum amplitude of the response curve. Set the sweep generator 
and receiver tothe same frequency near the low end of the re- 
ceiver dial. Adjust the oscillator padder (also the RF and 
mixer padder if used) for a maximum response curve ampli- 
tude. Notice the amplitude of the response curve in the two 
preceding steps and repeat the high and low end ae cas until 
no further increase can be obtained. 

A final check of the receiver dial calibration and ebsckint 
should be made. This is done by checking the receiver at 
several frequencies thr oughout the tuning range of the band 
being aligned. Set the sweep and marker generators accurately 
at each of these frequencies and check the receiver's output 
on the scope. Calibration and tracking of the receiver is 
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checked by observing that the marker pipisin the same posi- 
tion onthe response curve and that the curve is the same amp- 
litude on the scope waveform at each of the check points. 


TV Troubles 


Series power supply arrangements in TV sets, such as the 
circuit shown in Fig. 9-9, are now fairly common. Vlisa 
beam power audio output tube. V2 could be a sync separator, 
or V2 and V3 could be a pair of IF amplifiers. Trouble with 
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Fig. 9-9. Ci is very important in circuits using 
series or stacked tubes. If Ci is leaky, open or 
has insufficient capacitance, signal modulation 
of V2 and V3 will take place. 


C1 in this circuit can lead to all sorts of odd-ball difficulties, 
since the current through V1 will modulate the currents flow- 
ing through V2 and V3. That big capacitor; C1, on the end 
of the low B-plus line is mighty important. Connect the scope 
cable from the low B-plus point to ground. Feed in a strong 
signal from an audio generator to the control grid of V1. 
Naturally, the receiver must be turnedon. Lookfor a straight 
horizontal line across the scope, even with the vertical gain 
control turned up. If you get any sort of wiggle on the screen, 
try shunting Cl to see if you can make it go away. 
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Checking AGC Filters 


Another location of filter trouble in a receiver—and it can 
be AM, FM, or TV—is the AGC bus. The voltage fed back 
to the controlled tubes is DC. It is actually a filtered recti- 
fied signal voltage. Check the AGC bus in the same way as 
you would check the filter of a power supply. The resistance 
and capacitance values in an AGC network, though, are a bit 
more critical than power supply filter values. In the AGC 
system we are concerned withthe R-C time constant, for that 
decides whether the AGC is slow or fast acting. The best thing 

doinAGC circuits is to replace component s with parts having 
equivalent values. Don'tgo experimenting around. The manu- +; 
facturer has already done that. 

Troubles in the AGC line can result in TV picture flutter— 
that is, the picture will seem to fade in and out. This could be 
caused by an open AGC filter capacitor. Try shunting each 
of the AGC capacitors with an equivalent unit. If that doesn't 
help, look for some difficulty in the circuits that precede the 
video detector. (The video amplifier isn't AGC controlled.) 
Misalignment of the IF, or a defective bypass capacitor inthe 
IF, can produce this trouble. Make sure the IF isn't over- 

eaked—that is, that it hasn't been aligned for anarrower 
bandpass to give more gain. If you don‘t want to bother re- 
aligning just to make sure, try shunting the primary and 
secondary of each IF transformer with a 5K resistor as a 
temporary expedient. 


Oscillation in the IF of 


Sometimes infringe areas, technicians will overpeak the IFs 
deliberately to coax a bit more gain out of the set, with.the 
theory that a miserable picture is better than no picture at 
all. If the receiver is then moved to a stronger signal area, ne 
the picture will be severely distorted. The same trouble can 
be caused by open screen bypass capacitors, shields which 
have been removed from IF transformers or which have been 
replaced hastily, with poor or no contact with the chassis. 
This can cause signal feedback, through magnetic or capaci- 
tive coupling, from one stage to some preceding stage. The 
result is an enormous increase in gain, a much narrower 
bandwidth, and a rippled, excessively black picture on the 
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screen. Using a sweep generator, feed in a signal at the IF 
frequency to each IF stage and observe the sweep pattern on 
the scope. Examine the sides of the waveform. If they are 
jagged, instead of being smooth, there is trouble in that IF 
stage. 


Picture Nonlinearity 


A nonlinear picture is one in which objects on the receiver 
screen seem distorted. The distortion may be horizontal, 
vertical, or an unhappy combination of both. Control adjust - 
ment to improve linearity depends on the receiver and on its 
age. Older type receivers have more controls for making 
linearity adjustments. Modern sets have eliminated some of 
them. Adjust whatever you can and whatever is available— 
vertical linearity and horizontal linearity. There may be an 
interaction between vertical and horizontal gain controls. Some 
receivers have "built-in" nonlinearity. They are manufactured 
for a price and the nonlinearity is part of the design. How- 
ever, even with all these alibis at hand, it is possible for 
vertical and horizontai linearity to exist because of some de- 
fect in the vertical and horizontal amplifier circuits. 

Don'ttry to make changes in the vertical and horizontal amp- 
lifier circuits to improve linearity by using a TV program as 
a test signal. It's much better to use the station test pattern. 
Thetrouble with this suggestionis that broadcast test patterns 
have become fewer and furthe r between. Andtest patterns have 
a habit of going off the air at the most inconvenient times. 
You can use your scope to check linearity conveniently and. 
comfortably. Fig. 9-10 shows a technique that can be used 
for the horizontal amplifier. A 5-ohm 10-watt resistor has 
been inserted in series with the horizontal deflection yoke 
coils. The yoltage across the yoke coils has a trapezoidal 
waveshape, but the current flowing throughthem is a sawtooth. 
If this current flows through a resistor, the result will be a 
sawtooth voltage waveform across the resistor. We can con- 
nect the vertical input of the scope across the 5-ohm resistor, 
setting the coarse and fine frequency controls to produce 
several sawteeth on the scope. 

Any changes you makeinthe horizontal oscillator circuit or 
horizontal amplifier will modify the pattern you see on the 
scope screen. Forexample you canusea resistance substitu- 
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Fige 9-10. Method of checking the horizontal sweep circuit for 
linearity. The voltage across the 5-ohm resistor should be a 
sawtooth. 
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Fige 9-11. Method for checking vertical sweep linearity. The 
voltage across the 5-ohm resistor should be a sawtooth. 
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tion box, and substitute it for resistors in these circuits to 
find the value which will help youget as close toa sawtooth as 
possible. Try changing the horizontal oscillator, horizontal 
output, and damper tubes. This doesn't mean these tubes are 
defective, but sometimes one tube will produce better linearity 
than another. Adjust any variable controls to see if any bring 
about animprovement. Sometimes, due to design, a variable 
control will be atthe end of itstravel, and as it moves toward 
its maximum resistance point you will notice a gradual im- 
provement in the sawtooth waveform. The answer is obvious. 
Try anew control having a wider range. The same technique, 
and the same resistor, can be used in checking vertical 
linearity, as shown in Fig. 9-11. Don't make changes just for 
the sake of keeping busy. If you make a change, notice the 
direction in which the circuit wants you to go. Does increas- 
ing the value of a resistor improve the sawtooth? If so, keep 
adding resistance until the sawtooth starts getting worse again. 
Then back offuntil you get the optimum resistance value. You 
can follow the same technique with capacitors if you have a 
capacitor substitution box. X 

Various other problems can be solved with the scope connected 
as shown in Fig. 9-10 or Fig. 9-11. Defects in the yoke, or 
in the resistors (vertical windings) or the capacitor (horizontal 
winding), can produce ringing (vertical lines on the picture 
tube screen) or keystoning (trapezoidal raster). Other 
troubles include insufficient height or wiggling vertical or 
horizontal lines in the picture. Insufficient picture height can 
be caused by a wrong value resistor across the vertical wind- 
ings. Horizontal foldover can be produced by a defect in the | 
horizontal coils or wrong value capacitance of the shunt unit. 


No Raster re 


Lack of high voltage in a TV receiver can be due totrouble 
anywhere from thehorizontal oscillator on out tothe high volt- 
age rectifier. To locate the difficulty with the scope, three 
circuits must be considered: horizontal oscillator, horizon- 
tal amplifier, and high-voltage rectifier. Let's regardthe 
horizontal amplifier as the midway point and try to learn if 
the trouble precedes or follows the horizontal amplifier. Fig. 
9-12 shows howthe scope should be connected. Since the hori- 
zontal sweep frequency is 15,750 Hz, setthe scope frequency 
control to one-third ofthis, or approximately 5,250 Hz. Keep 
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Fige 9-12. Method of checking for sufficient horizontal 
drive. 
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Fige 9-13. Sync pulse signal tracing should begin at the 
output of the video amplifiere 
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the scope sync control set atthe minimum value that will lock 
in about three complete waveform cycles on the screen. You 
should see a waveform that has a resemblance to a sawtooth. 
The sawtooth voltage will vary from one receiver to the next, 
but should be about 100 to 150 volts. If, instead of seeing the 
sawtooth, you get a horizontal line only, then the horizontal 
amplifier isn't getting its drive voltage andthe trouble pre- 
cedes the horizontal amplifier. If you do get a sawtooth hav- 
ing a sufficiently high voltage, the trouble (no high voltage) 
follows the horizontal amplifier. And, as long as you have 
the scope connected, (and if you have it calibrated) adjust the , 
horizontal drive control (if the set has one) so that the peak- 
to-peak value of the sawtooth equals that recommended by the 
manufacturer. A sawtooth that doesn't have sufficient ampli- 
tude means insufficient drive. This could be due to a weak 
oscillator tube or incorrect adjustment of the horizontal drive 
control. 


Picture Drift 


The picture will drift (will not lock in) if the syne pulses do 
not get to the horizontal and vertical oscillators. To check, 
start at the output of the video amplifier, as shown in Fig. 
9-13. Here you should see the composite video signal. Man- 
ufacturer's circuit diagrams will tell you what the peak volt- 
age should be and will give you some idea of what the wave- 
forms will look like. The next check should be at the sync 
amplifier output. Here the waveform will be cleaner, with 
mostly syne pulses present. If sync pulses do not appear, . 
try a new sync separator tube. Keep the scope connected as 
shown in Fig. 9-14. If there is no sync here, but there are 
pulses at the plate of the video amplifier, checkthe components 
forming the connecting link between the two circuits. Finally, 
move the test probe to the input of the vertical and horizontal 
oscillators. If pulses do not appear at these points, butthere 
is sync at the output of the sync separator-amplifier, check 
all connecting components between these circuits. 

A scope can be used just like an ordinary signal tracer. 
Knowing the path of a signal, move along from stage to stage 
with the scope probe until youfind a spot where the signal you 
are tracing disappears. It may not vanish completely, only 
partially, but in any event it will be enough to cause some 
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Fige 9-14. Sync can be lost anywhere between the sync 
separator and video amplifier. 


fault in set operation. Then, with the help of the VITVM you 
can trace down the troublesome component. In other words, 
use your scope to help youlocalize trouble, then use the VTVM 
to find the exact trouble spot. It is extremely helpful to use 
the manufacturer's circuit diagram, which not only tells you 
what voltages should be at various points, but also what the 
waveforms should look like and what the peak-to-peak values 
should be. 

The basic idea hereis really very simple, butit is also very 
effective. All it takes is some knowledge of the electronic 
theory involved—that is, if you want to repair a TV set you 
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Fige 9-15. The vertical oscillator can be checked by 
examining the plate waveform. 
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should at least know how it works. As an example, consider 
a TV set with just a horizontal line across the screen. Even 
with the vertical gain control at maximum, all you can do is 
_ to thicken the line a bit. Quite obviously the trouble is some - 
where in the vertical sweep circuit. Youcertainly are getting 
high voltage, for without it you would not even get the hori- 
YK sonal line. Now you may have all sorts of other troubles, 
but the first stepis to get some vertical sweep. In Fig. 9-15, 
the scope probeis connected to the plate of the vertical oscil- 
lator. A look atthe manufacturer's diagram indicates that we 
should have a sawtooth waveform at this point and that it should 
be 75 volts peak-to-peak. If we get this waveform and it has 
a reasonable resemblance to that in the diagram, and if its 
amplitude is within kissing distance of 75 volts peak-to-peak, 
we can forget about the oscillator and move on to the ampli- 
fier. Transfer the probe tip to the plate of the vertical amp- 
lifier tube. Here, according to the manufacturer's litera- 
ture, the waveform should be a trapezoid. At this point, 
though, you must be very careful. The trapezoidal voltage 
at the plate of the vertical amplifier canbe in excess ofa kilo- 
volt. Instead of putting the test prod directly on the plate, 
just bring it close. If everything is working well, you'll get 
enough signal tra ger tolet you see the waveform on the face 
of the scope. & at 
Here again we have been using the scope for two purposes: 
(1) To determine if the signal is present, and (2) To see what 
the signal looks like. If you get no sawtooth atthe plate of the 
_vertical oscillator, you need go no further. Resistance and 
voltage checks around the vertical oscillator will soonreveal 
the trouble. Ifyou getthe correct waveform, including ampli- 
tude, at the plate of the vertical oscillator, that is one more 
circuit youcan forget about. Ifthe oscillator waveform is OK, 
but you getnothing at the plate of the vertical amplifier, you've 
narrowed down the area of search, which was your whole ob- 
jective. 


esting RF and IF Stages 


Many service-tyne scopes have frequency limitations. For 
example, the frequencies of RF andIF television signals are 
usually too high to be reproduced directly. However, by using 
a demodulator probe to detect or rectify such signals before 


are fed into the vertical terminals of the scope, you can 
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view the waveform of any modulating signal. Fig. 9-16 shows 
how thisis done. But before we start, what is the complaint ? 
It could be weak signal or no signal. Tune in a strong station 
or connect a suitable generator to the receiver input. Using 
the demodulator probe move from the plate of the last IF amp- 
lifier to the control grid of the same tube. Now move forward 
toward the front end. If you get the signal at the plate of the 
first IF but not at the grid of the second IF, it's obvious that 
you have trouble in the coupling IF transformer or that some 
component in the grid circuit of the following tube is killing 
the signal. If you get a signal when you check the final IF, 
then you have an indication you are heading in the wrong di- 
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Fige 9-16. An RF signal in stages preceding the second 
detector can be traced by using a demodulator probe. 
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rection and that you should consider the video detector and 
video amplifier as trouble sources. 

Some service technicians consider the yideo load resistor 
as the receiver halfway point, and this is a good idea. Since 
the receiver crystal works as a demodulator, the demodulator 
probe isn't needed when checking across the diode load. If 
a signal is present across the load resistor (as shown on the 
scope screen), the trouble follows the video detector. If you 
get no signal across the diode load, look fortrouble preceding 
this point. Thus, with the scope you cantrace the signal all 
the way from the front end right on up to the picture tube in- 
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Waveforms You Should Kits 


Now that you have the general idea of how to use the scope 
as an instrument for localizing troubles, get acquainted with 
the most common waveforms, their frequencies, and their 
amplitudes. However, using a scope is no substitute for 
common sense. If a visual examination of a TV set revealsa 
rectifier tube with a filament that doesn't glow and the com- 
plaint is no sound or picture, look no further. Just replace 
the tube. The point or points at which you are going to rest 
the needle point of a test probe will depend on the symptoms 
you notice. Thus, you first localize the trouble in your own 
mind, rejecting those circuits that could not possibly con- 
tribute to the cause of the traible. You then use the scope to 
verify your suspicions and a VT VM to spot the actual culprit. 

In Fig. 9-17 we have awhole series of waveforms of thetype 
you can expect to seein atypical receiver; each is labeled as 
1, 2, etc., and they will be referred to that way. Waveform 
1 shows what you can expect tofind across the video detector 
load or at the input to the first video amplifier. The zero-to- 
peak voltage is 3.5. Incidentally, in connection with these 
waveforms you will see two frequencies listed. One of these 
is the 60-Hz vertical sweep frequency and the other is the 
15, 750-Hz horizontal sweep frequency. Set the coarse fre- 
quency control on your scope to some sub-multiple, such as 
30 Hz or 5,250 Hz respectively, with the sync control ad- 
vanced just enough to lock in the pattern. (Input, of course, 
is to the vertical terminals of the scope.) 

Waveform 2 shows the input to the cathode of the picture tube. 
If there is trouble in the TV set anywhere between the video 
detector and the input to the picture tube, you can now chase 
it down in the video amplifier. The input to the picture tube 
is the same signal that we have across the diodeload, except 
that it has been amplified and, in some cases, inverted. At 
the picture tube input the video signal has increased to 55 
volts peak-to-peak. . 


How canthis information help us? Calibrate your scope and 
then move the test prod from diode load to picture tube input. 
You should have a gain of 15 to 20. If the gain is too low, re- 
place the video amplifier tube and check again. Ina test of 
this kind, and for all the other tests mentioned, the receiver 
should be tuned to an average station with the controls of the 
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receiver adjusted as they would be normally. Waveform 3 
represents the signalatthe plate of the AGC keyer tube. This 
tube is pulsed at the horizontal sweep rate. The voltage is 
350 volts peak-to-peak. Waveform 4 shows the signal input 
to the control grid of the syne separator. The voltage is 80 
volts peak-to-peak and resembles waveform 2, as it should. 
If the problem is a picture that will not lock in, check at this 
point to see if you get the waveform shown in waveform 4. If 
not, follow the circuit back from the input to the sync separator, 
component by component, using the probe ofthe scope for sig- 
nal tracing. 


The two drawings inwaveform 5 shows the voltage at the plate 
of the syne separatortube. At the plate of the sync separator 
there are vertical and horizontal pulses. Set your scope to 
30 Hz and you should get a waveform, as indicated, with ap- 
proximately 25 volts, peak-to-peak. Reset the coarse fre- 
quency control to 5,250 Hz and you will see the 15, 750 Hz 
horizontal sync pulses, withabout 35 volts peak-to-peak. You 
will recall the previous mention that the input to the sync 
separator was 80 volts peak-to-peak, and yet here is a plate 
pulse voltage having a maximum of 35 volts peak-to-peak. 

4 Anything wrong? On the contrary, everything is right. At 
the input to the separator there is the composite waveform, 
which, at this stage of the game, is likealot of fat on a juicy 
slice of corned beef—just something to be trimmedaway. Our 
sync separator works asaclipper; we're interested inthe sync 
pulses. The rest of the signal isn't needed. 

Waveform 6, at the plate of the vertical discharge tube, 
should be a trapezoid with a peak-to-peak value of about 50 
volts. Failure to have a trapezoidal waveshape at this point 
means we are going to have vertical nonlinearity. Waveform 
7 shows the pattern that should be present at the control grid 
of the vertical peak-to-peak value of 350 volts. Moving over 
to the control grid of the vertical output tube we will see the 
waveform shown in Fig. 9-17 (8). Here we have the trapezoid 
that will be amplified by the vertical amplifier tube. This is 
the waveform of the voltage across the vertical yoke coils. 
If now we move to the plate of the vertical output tube (wave- 
form 9) the same trapezoidal waveform willappear, inverted, 
of course, and having an extremely high peak-to-peak ampli- 
tude. Inthe present instanceit is 950 volts peak-to-peak, but 
it could be more. If the capacitor inthe vertical input of your 
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scope is rated at only 600 WVDC you'll have a popped capaci- 
tor if you try to make a direct measurement at the plate of 
this tube. Do it indirectly by bringing the probe tip close, 
but not touching. Waveform 10 shows the trapezoid that will 
appear across the vertical coils in the yoke. You can check 
this by touching one of the resistors (each vertical coil is 
shunted by a resistor of about 5K) with the tip of the test probe. 

The trend in low-cost TV setsis toward a half-wave, trans- 
formerless supply. You'llfind either silicon or selenium rec- 
tifiers used. Waveform 11 shows the output at the junction of 
the rectifier (the rectifier cathode) and the first filter capaci- 
tor. What we see here is the ripple voltage. In this case it 
is 20 volts peak-to-peak at a frequency of 60 Hz. Naturally, 
the smaller the ripple voltage the better the filtering action, 
but if there is no ripple at all, chances are you have either 
no AC input to the rectifier anode, or else the rectifier has 
ceased working. Waveform 12 appears across the output fil- 
ter. The peak-to-peak voltage has dropped to 1.6. If, how- 
ever, the ripple voltage is much higher than this, start look- 
ing around for a new filter capacitor. Sometimes a power 
supply will have two separate filter sections, but both con- 
nected to the same rectifier. This is a way of avoiding the 
complications of a voltage divider across the output of a single 
filter. Waveform 13 is the ripple voltage at the output of a 
second filter and, as you can see, itisthe same as the ripple 
voltage in waveform 12. This is perfectly normal and to be 
expected. 


Horizontal tearing can be caused by some difficulty in the 
horizontal AFC circuit. If the picture cannot be locked in 
horizontally, and if the passage of horizontal sync pulses is 
OK up to the output of the sync separator, there may be some 
difficulty in the AFC circuit. Waveform 14 shows the voltage 
present at the junction of a pair of horizontal, dual selenium 
rectifiers, placed back to back. The frequency is 15,750 Hz 
and about 6 volts peak-to-peak. Absence of the waveform or 
an incorrect waveform (wrong waveshape) is your clue to start 
hunting around in the AFC circuit. Waveform 15 is the volt- 
age at the control grid of the horizontal output tube. This 
voltage, 100 volts peak-to-peak, is used to pulse the tube. 
Absence of this signal driving voltage means less bias on the 
tube. Excess current through the horizontal tube can result 
in a burned out flyback, unless the flyback is fused, which is 
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not always the case. In some cases the horizmtal output tube 
has a cathode resistor. This supplies some measure of pro- 
tection since the increased current through the tube raises 
the bias developed by the cathode resistor. However, the 
horizontal output tubeisn't always so provided. Loss of pulse 
voltage on the control grid of the horizontal tube, aside from 
the nasty things that will happen to the horizontal output tube 
and flyback, means loss of highvoltage, andthis in turn means 
no raster and, of course, no picture. If the symptom is no 
picture a quick check with your scope at the horizontal oscil- 
lator and at the horizontal output tube with your scope will 
soon localize the trouble. Naturally, an open fuse in the hori- 
zontal output is a clue—but not always. If the fuse opens, 
replace it and run a scope check on the horizontal sweep cir- 
cuit just to make sure. Don't just replace the fuse and hope 
for the best. 

Waveform 16 is found at the cathode pin of the horizontal 
oscillator. Waveforms 17 and 18 are at the plate pins of the 
oscillator, a multivibrator. These waveforms represent some 
of the principle waveforms to be found in a TV set. Itisa 
good idea to become acquainted with their general shape and 
location. 


Servicing Color TV 


You will note that, aside from an occasional reference to 
an RF signal generator, the only equipment mentioned inthis 
book are the three pieces of test apparatus we started with— 
the VOM, the VI'VM, and the scope. But this is not to imply 
that thesethree are all the test equipment you should have. A 
sweep and marker generator is helpful. So are resistor and 
capacitor substitution boxes. And so is an audio generator, 
and an RF signal generator. But you can make do with the 
three we started with. Therefore, you shouldn't shy away 
from servicing color TV just because you don't have a color 
bar generator. It does make service work easker, but you can 


repair a color TV set with nothing more than a VOM, VTVM, 
and scope. A color TV set is not a black-and-white set with 
some sort of adapter added. But by the same token, a color 
TV set is not a new and completely radical departure from 
black-and-white either. Thus, you can service certain por- 
tions of the color set just as you wauld a black-and-white re- 
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ceiver. Now, here are some color problems and the tech- 
niques to locate them. ae a 


No Color 


What do we mean when we say "no color''? This means a 
complete loss of all color, not just a loss of red, or blue, 
or green. If we have a complete loss of color we can elimi- 
nate the color detectors and the color amplifiers and the pic- 
ture tube as the trouble source. The color detectors receive 
the color signal from the chroma bandpass amplifier, as shown 
in the block diagram in Fig. 9-18. We can check at the out- 
put of the chroma bandpass amplifier to see if the color sig- 
nals have reached this point. During the time a black-and- 
white only signal is being received, the chroma bandpass amp- 
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Fige 9-18. Points to check for loss of color. 
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lifier is driven into cutoff by a heavy negative bias supplied 
by the color killer to the grid of the chroma bandpass ampli- 
fier. Connect the demodulator probe as shown, then if you 
failto seethe chroma waveform, removethecolor killer tube 
from its socket. If the waveform appears on the scope, you 
at least know the trouble precedes the chroma bandpass amp- 
lifier. The trouble could possibly be in the chroma reference 
oscillator, the chroma sync phase detector, the color killer, 
or the burst amplifier. The trouble could be due to a defective 
tube, so try substituting these: the chroma bandpass ampli- 
fier (if you get no waveform when testing with the demodulator 
probe at the plate of the tube), the color killer, the chroma 
reference oscillator (3.58-MHz oscillator), andthephase de- 
tector. 

If you're not getting a black-and-white picture, the trouble 
could also be a defective tube anywhere from the front end, 
through the video IFs and video amplifier. You can check the 
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3.58-MHz crystal chroma reference oscillator by measuring 
its bias voltage with the VITVM. The bias should be above -3 
volts, preferably about -5 or -6 volts. If the voltage is zero 
or low, replace the tube; ifthat doesn't help, trya new crys- 
al. 


Weak Color 


If the colors are weak, don't start worrying about a picture 
tube—at least not yet. First try substituting new bandpass 
and color killer tubes. Again, we'll assume the receiver is 
tuned to a channel for black-and-white reception. We do at 
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Fige 9-19. Points to check in the color killer circuit. 


least want to know if the front end, video IF and video ampli- 
fier tubes are doing their job. During reception of a black- 
and-white signal, the color killer passes onits negative bias, 
shown as -12 volts in Fig. 9-19, to the bandpass amplifier, 
effectively killing the color signal. During color reception 
this bias voltage is overcome by the waveform pulse shown 
in Fig. 9-20. This wave appears on the plate of the killer and 
is about 38 volts peak-to-peak. If the symptom is weak color, 
it may be that this voltage is not enough to overcome the bias. 
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Fige 9-20. Waveform at the plate of 
the color killer. 


Asaresult enough negative bias is getting throughtothe band- 
“é pass amplifier to make it work in a weak fashion. A scope % 
check at the plate of the color killer will tell youif this is so. 


No Color Sync 4 


Tube substitution is the first order of business if colors on 
the screen keep changing. Replace the reactance control tube, 
the phase detector, the 3.58-MHz oscillator tube, and the 
burst amplifier tube. Use your scope to check the waveform 
at the plate of the 3.58-MHz oscillator. Locate the phase de- 
tector, which has a pair of equal value resistors connected 
across the tube. These resistors will range from about 470K \ 

K to as much as 1meg. Ground the center point of these two re- 
sistors. (You will find a wire leading from this center point 
to the control grid of the reactance control tube.) This will 
kill the input signal to the reactance control tube. If the color 
picture still remains out of sync with this ground connection 
attached, look for trouble in either the reactance control tube 
circuit or in the 3.58-MHz Moncada 


Color in Black-and-White Picture 


Check the color killer using the method described previously. 
If the color killer is working properly, check the phase de- 
tector and the 3.58-MHz oscillator. yd 
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Fige 9-21. Wave- Fig. 9-22. Wave- Fige 9-23. Wave- Figs 9-24. Wave- 
format the plate form at the red form at the blue format the green 
of the burst amp- input to the pic- input to the pic- input to the pic- 
lifier. ture tube. ture tube. ture tube. 
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Table 9-i. Color TV Troubleshooting Chart. 


The Trouble 


No color or 
weak color. 


The Cure 


Check to make sure black-and—miite pic— 
ture is OK If yes, this eliminates 
front end, video IF and video amplifier 
as the trouble source. x 


Measure the bias of the 3.58-NMHiz osci I- 
lator, using your VTVMset on a |low-volt— 
age DC scale. If you measure about 3 to 
4 volts or more, oscillator is Kk. 


Remove color killer tube or else ground 
its output. If color comes back again, 
check the color killer and the killer 
detector circuits. Make voltage and re— 
sistance checks in these circuits. Try 
new killer detector and color killer 
tubes. 


Color killer and killer detector may 
have a variable control for circuit ad— 
justment. Followmanufacturer's instruc— 
tions for proper setting of this control. 


Connect your scope to the plate of the 
burst amplifier. Fig. 9-21 shows the 
waveform. It should be about 25 volts 
peak-to-peak. |f there isno burst signal 
on the plate, move the probeto the con— 
trol grid of the same tube. In checking 
the circuit you will find that you will 
be able to trace back to the plate of 
the first video amplifier. Do this if 
you cannot see (on your scope) the burst 
Signal on the control grid of the burst 
amplifier. 


The circuits tocheck in case ofno color 
or weak color (with monochrome OK) are 
the bandpass amplifier, burst amplifier, 
phase detector, reactance circuit, 3.58— 
MHz oscillator, killer detector, and 
color killer. 


No color on 
some channel 


ui 


The trouble is up in the front end. Try 
substituting new front-end tubes. Some- 
times due to improper setting of the fine 
tuning control. 


Colors run. The Look for trouble in the phase detector, 


picture is steady the reactance contro! cifcuit, and the 
but there is no 3.58-Miz oscillator. Measure oscillator 
color sync. bias voltage with a VIVM. If bias is OK, 


voltage and resistance check reactance 
control and phase detector circuits. 


Red is missing The trouble can be inthe color CRT, the 

or weak. X demodulator, or the R-Y color differ— 
ence amplifier. Use the scope to trace 
the signal, starting at the "red" input 
to the picture tube. Check back as far 
as the X demodulator. Fig. 9-22will give 
you an idea of the waveform. It should 
be about 200 volts, peak-to-peak. 


Blue is missing The trouble can be inthe color CRT, the 
or weak, Z demodulator, or the B-Y color differ— 
ence amplifier. Check back from the 
"blue" input to the picture tube as far 
back as the Z demodulator. The waveform 
should resemble that in Fig. 9-23. It 
should be about 220 volts, peak—to—peak. 


Green is weak or The trouble could bea defective picture 
missing. Blue and tube, or in the GY color difference 
red are present ampli fier. 

and are OK. Check back, with your scope, from the 


green input to the picture tube to the 
input of the G-Y color difference ampli- 
fier. Fig. 9-24 shows the approximate 
appearance of the waveform at the input 

to the picture tube. The voltage will 

be about 150 volts, peak-to-peak. 


Wrong colors. Sync Rotate the tint control and see if you 
OK. Colors do not can restore the flesh tones to individ— 
run. uals being telecast. If tint control 


Cannot restore tones, try anew 3.58-Miz 
oscillator tube. Try a new 3.58— MHz 

“crystal. ‘The oscillator transformer may 
be severely misaligned. Resistance and 
voltage check components in the oscil— 
PatorG! rout. 


Hum bar in color If hum bar appears in black-and-white 
picture, picture, trouble can be due to heater— 
to-—cathode leakage in some tube or poor 
filtering in the low-voltage power sup— 
ply. If humbars appear only inthe color 
picture, try replacing the bandpass 


amplifier tube. x 
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Index 
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AC measurements, 27 
AC meter scale, 15 
AC voltage measurerrent, oscil- 
loscope, 157 
VOM, 45 
VTVM, 83, 100 
AC voltage waveshape, 83 
AGC filter checks, 171 
Alignment, IF, 167 
ratio detector, 168 
RF, 169 
wWAudio amplifier tests, 103 
Audio measurements, 15, 112 
Audio power output measurement, 
104 
Audio transformer tests, 103 
Automatic gain control, 62, 117 


om 


B 


Battery tests, 54, 70 
Battery, VOM, 18 

/ Beam deflection, CRT, 134 
Bias voltage, 49 

\ measurement, 98 
Bobbin, meter movement, 11 
Brightness control, CRT, 130 
Bypass capacitor checks, 161, 165 


C 


Calibration control, VTVM, 90 
Calibration for AC voltage mea- 
surements, oscilloscope, 157 
Capacitive circuit loading, 74 
Capacitor tests, 39, 42 
Cascode amplifier, 125 
Cathode current, 68 
Cathode-ray tube, 129 
Circuit loading, VOM, 70 


Coaxial cable continuity tests, 37 
Color TV, 184 

troubleshooting chart, 188 
Continuity tests, 35 
Control grid current measure- 
ment, 69 
Control grid voltage measure- 
ment, 49, 98 
Controls, VOM, 29 

zero=set, 17, 21 
Coupling capacitor checks, 101 
Current measurements, control 
grid, 69 

screen grid, 69 

transistor radio, 66. 

VOM, AC, 23 

DC, 27 
VTVM, 91 


D 


d'Arsonval meter movement, 9 

DC current measurements, 23, 27, 
66, 91 

DC probe, VTVM, 79 

DC voltage measurements, oscil- 
loscope, 161 
VOM, 25, 49 
VTVM, 80, 98 

DC voltage range selector, 
VTVM, 78 

Decibel (db) meter scale, 15 

Deflection polarity, oscilloscope, 
159 

Demodulator probe, oscilloscope, 
155 

Detector, 62 

Diode checks, 123 

Diode tests, 43, 56 

Discriminator alignment, 168 

Discriminator checks, 113 

Distortion checks, 165 


Filament voltage tests, AC-DC 
receivers, 101 


Focus, CRT, 130 
Frequency comparison, oscil- 
loscope, 159 


Front-end checks, 119 

G 

"Gassy'' tube, 102 

Gas-tube oscillator, 144 
Gated-beam detector checks, 113 


H 


Half-wave rectifier, 53 
High voltage trouble, TV, 174 
Horizontal deflection amplifier, 


147 

Horizontal drive, TV, 174 
Horizontal linearity, TV, 172 
Horizontal sweep, CRT, 136 


Hum checks, 164 


IF alignment, 167 

IF amplifier checks, 117 

IF oscillation, TV, 171 

IF signal tracing, TV, 178 
In-circuit testing, 122 

Internal meter resistance, 11. 
Isolation probe, oscilloscope, 156 


L 


Limiter checks, 117 ’ 
Linearity, TV, 172 

Linear meter scale, 13 
Lissajous figures, 160 

Local oscillator tests, 102 
Logarithmic meter scale, 15 
Loudspeaker tests, 43 ~ 
Low-capacitance probe, oscil- 
loscope, 155 


M 


Measurements, 

AC voltage, oscilloscope, 157 
VOM, 45 
VTVM, 88, 100 

DC current, VOM, 23 
VTVM, 91 . 


DC voltage, oscilloscope, 161 
VOM, 25 


VTVM, 80 
resistance, VOM, 18 
VTVM, 82 


Meter rectifiers, 26 
Meter scales, 13 

AC voltage, 15 
decibel, 15 

linear, 13 
logarithmic scale, 15 
nonlinear scales, 15 
range multiplier, 14 
resistance scales, 15 
Meter sensitivity, 22 
Mixer, 63 
Movements, meter, 9 
Multiplier, range, 14 


N 


Nonlinear meter scales, 15 


0 


Ohmmeter, resistance range, 19 

"standard" resistor, 21 

VOM, 18 

VTVM, 90 

zero-adjust, 17, 21, 31 
Oscillator tests, 102 
Oscilloscope controls, 140 
Output transistor current adjust- 

ment, 68 


Pp 


Parallel resistors, 122 

Peak-to-peak voltage measure- 
ments, 157 

Phasing control, oscilloscope, 154 

Plate current measurements, 69 

Plate voltage measurements, 98 


Plate voltage, tube, 49 T X 


Pole pieces, meter Sb path ik Time-base circuits, 143 
Potentiometer, checking, 35 Time-base control, 139 
Power output measurements, Time-base generator, 145 


audio, 104 ; Tolerance, resistance measure- 
Power supply, oscilloscope, 149 ments, 33 
VTVM, 94 Transfer characteristic curves, 
Power supply checks, 110 tube, 85 3 
ripple, 161 ae Transformer tests, 41 
citadel Transistor tests, 45, 56 
voltage, é Tube current measurements, 68 
Probes, oscilloscope, 155 Tube tests. 39. 49 
Push-pull audio amplifier, 60 Tuner checks, 119 
R V 


Range multiplier, 14 


Range selector, VTVM DC Variable capacitor tests, 39 


Vertical deflection, CRT, 137 


voltage, 78 ; ; : 
Ratio detector, alignment, 168 mocecal Hnearkiy, TV hie 
checks, 113 Vertical oscillator checks, TV, 


178 


Rectifiers, halfwave, 52 
Voltage measurements, AC, 27, 


meter, 26 
Relaxation oscillator, 144 45, 83, 157 
‘Relay tests, 39 DC, 25, 49, 80, 98 
Resistance measurements, 31 VOM care, 54 

tolerance, 33 VOM circuit, 16 

VOM, 18 VOM circuit loading, 70 
VTVM, 82 capacitive loading, 74 
Resistance range, 19 VTVM, circuit; <77, 85 
Resistance scales, 15 bridge circuit, 86 

RF alignment, 169 DC voltage measurements, 80 
63 power supplies, 94 


RF converter, 
transistorized, 95 


RF signal tracing, TV, 178 


RMS/peak-to-peak, 157 zero-center, 93 
RMS values (sine wave), 27 VTVM voltage measurements, 


AC, 100 
DC, 98 
S 
W 


Screen grid, current measure- 
ments, 69 

voltage measurements, 49, 98 
Sensitivity, meter, 22 

Series filaments, continuity, 36 
Shunts, meter, 23 
Signal substitution trouble- 


Wafer switch checks, 106 
Wafer switch tests, 39 
Waveforms, TV receiver, 181 
Waveshape, AC voltage, 83 


shooting, 120 YZ 
Single-ended audio amplifier, 60 
Speaker tests, 43 Yoke checks, TV, 174 
"Standard" resistor, ohmmeter, 21 Zero-adjust, ohmmeter, 17, 21, 
Switch tests, 47 97, 
Sync checks, 176 VTVM, 87 


Synchronization, oscilloscope, 139 Zero-center VTVM, 93 
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OPERATING INSTRUCT 


Osuna FOR 


MODEL’ 22—049 MULTITESTER 


Your Micronta Multitester is a deluxe,accurate and highly sensitive 
instrument having many features which are desirable and required in 
testing modern electronic equipment. It is compact and of sturdy const- 
ruction. Only the finest parts are used— 1% resistors,low resistance 
selector switch, easy to read scales and rugged meter movement. 

The DC voltage range covers a wide range, sufficient for practically all 
service and maintenance requirements of the electonic technician, 

The low voltage ranges can be very useful in checking portable radios, 
both tube and transistor types. 


RANGES : DC Voltages : 0-0. 6-3-15-60-300-600-1200-3000 (30, 000 Ohms/V ) 
AC Voltages : 0-6-30-120-600-1200 (15, 000 Ohms/V _) 


Plate voltage, tube, 49 T 
Pole pieces, meter movement, 13. 
Potentiometer, checking, 35 
Power output measurements, 


Time-base circuits, 143 
Time-base control, 139 
Time-base generator, 145 


audio, 104 Tolerance, resistance measure- 
Power supply, oscilloscope, 149 ments, 33 

VTVM, 94 Transfer characteristic curves, 
Power supply checks, 110 tube, 85 

ripple, 161 Transformer tests, 41 
transistor radio, 66 Transistor tests, 45, 56 
voltage, 99 


Prob ill 155 Tube current measurements, 68 
robes, oscilloscope, Gerona ae Als 


Push-pull audio amplifier, 60 Timer checks, 119 


R V 
Range multiplier, 14 


Range selector, VTVM DC Variable capacitor tests, 39 


Vertical deflection, CRT, 137 


voltage, 78 ; ; : 
Ratio detector, alignment, 168 vertical lmearity, | TV,, 172 
checks, 113 Vertical oscillator checks, TV, 


178 


Rectifiers, halfwave, 52 
Voltage measurements, AC, 27, 


meter, 26 
Relaxation oscillator, 144 45, 83, 157 
‘Relay tests, 39 DC, 25, 49, 80, 98 
Resistance measurements, 31 VOM care, 54 
tolerance, 33 VOM circuit, 16 
VOM, 18 VOM circuit loading, 70 
VTVM, 82 capacitive loading, 74 
VTVM, circuit, 77, 85 


Resistance range, 19 
bridge circuit, 86 


Resistance scales, 15 


RF alignment, 169 DC voltage measurements, 80 

RF converter, 63 power supplies, 94 

RF signal tracing, TV, 178 iursiedec cop 

RMS/peak-to-peak, 157 Zero-center, | 93 

RMS values (sine wave), 27 VTVM voltage measurements, 
AC, 100 
DC, 98 

S 

Screen grid, current measure- W 

ments, 69 


Wafer switch checks, 106 
Wafer switch tests, 39 
Waveforms, TV receiver, 181 
Waveshape, AC voltage, 83 


voltage measurements, 49, 98 
Sensitivity, meter, 22 

Series filaments, continuity, 36 
Shunts, meter, 23 
Signal substitution trouble- 


shooting, 120 YZ 
Single-ended audio amplifier, 60 
Speaker tests, 43 Yoke checks, TV, 174 
"Standard" resistor, ohmmeter, 21 Zero-adjust, ohmmeter, 17, 21, 
Switch tests, 47 31 
Syne checks, 176 VTVM, 87 


Synchronization, oscilloscope, 139 Zero-center VTVM, 93 
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OPERATING INSTRUCT : 


Combing, FOR 


MODEL 22—049 MULTITESTER 


Your Micronta Multitester is a deluxe,accurate and highly sensitive 
instrument having many features which are desirable and required in 
testing modern electronic equipment. It is compact and of sturdy const- 
ruction. Only the finest parts are used— 1% resistors,low resistance 
selector switch, easy to read scales and rugged meter movement. 

The DC voltage range covers a wide range, sufficient for practically all 
service and maintenance requirements of the electonic technician. 

The low voltage ranges can be very useful in checking portable radios, 
both tube and transistor types. 


RANGES : DC Voltages : 0-0. 63-15-60-300-600-1200-3000 (30, 000 Ohms/YV ) 
AC Voltages : 0-6-30-120-600-1200 (15,000 Ohms/V ) 
DC Current : 0-0.03-6-60-600MA 
Resistance : 0-lOK-1M-10M-100M (302 -3K-30K-300K at 


center scale) 


Decibels : -20 to + 46db 
Batteries : 1-13V (Stock#23-468), 1-15V (Stock#23-509) 
OPERATION ; 


DC VOLTAGES —Up to 300 Volts: 

* Insert the RED test lead into the + jack (lower right) and the 
BLACK lead into the jack (lower left). 

* Select the range by turning the center knob. 

* To measure,connect the test leads across the load or the sourse 
under test. Observe the proper polarities of the test leads. 

* Read the voltage on the appropriate scale of the dial plate. 

DC VOLTAGES — Over 300 Volts: 

* Set the selector to 300V DC position. 

* Insert the RED test lead into the 600,1200 or 3000 Volts jack as 
repuired., 

X * Connect the test prods across the circuit under test and read scale. 
CAUTION ! High voltage circuits, both DC and AC, are very dangerous 
and should not be treated lightly: Take utmost care when making 
tests of voltages and currents in these circuits. 

noe VOLTAGES:: 

* The AC voltages, up to 1200V, are measured with the test leads in the 
lower + and — jacks. 

* Select the range by turning the selector to the ACV side. 

* To measure, connect the test prods across the terminals under test. 
The polarities of the leads are not important. 

DC~ CURRENT : 

* Current measurements are made by connecting the tester in series 
with the circuit under test. Before measuring the tester in the circuit. 
make certain that the proper polarities are obserbed. 

* Set the selector to 600MA and work down to lower ranges to obtain 


satisfactory readings. 
* Take extreme care when measuring current, especilly the 30uA range 


to prevent meter burn outs. 
* Check carefully to see that you are measuring current NOT voltage ! 
RESISTANCE : 

* Insert the test leads into the + and — jack as previously noted, and 

‘turn the selector to the desired range. x 
SHORTING TEST: 

* Before making measurements, always check the ZERO ohms _ setting, 
which is the full pointer deflection to the right, by shorting the test 
leads. Adjust the pointer to “0 2” on the ohms scale by turning the 
OHM ADJ knob (left center) on the panel. 

* To measure, connect the test leads across the resistance device under 
test and read 2 on the scale. Apply the proper multiplier. 

*In measuring the resistance of components which are mounted or wired 
in the circuits, precautions must be taken. The power source must be 
turned to OFF —in other words, the set must be “dead: One terminal 
of the component must be disconnected from the rest of the circuit. 
These precautions are necessary for (1) safety and (2) to prevent 
other resistors from affecting the measurement. 

* Replace the internal batteries the “SHORTING TEST” fails to bring 
the pointer to “O” on the ohms scale. 

DECIBELS 

* The lowermost scale is calibrated in DECIBELS for O DB=1 
milliwattt (0.774 V) in a 600 ohm line for the 6V AC range. Higher 
levels can be measured by increasing the voltage range and adding 
the appropriate number of DECIBELS(refer to table on the lower 
right of the scale plate). 

* For impedance other than 600 ohms, the tester may be used for com- 
parative measurements on a DECIBELS basis, using the same scale 
and ranges. 

*Use the “OUTPUT” jack when measuring audio voltages across the 
primary of the audio output transformers, or other components Where 
DC voltages are present. An isolating condenser is connected inter- 
nally in the tester circuit. 

THE MODEL 22—049 MULTITESTER WILL BE FOUND TO BE 
THE MOST USEFUL INSTRUMENT IN THE LABORATORY, 
PLANT, SERVICE SHOP, ETC., AND SHOULD BE HANDLED AND 
USED WITH GREAT CARE. 


Printed in Japan 
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G/L-TAB BOOKS 


59—SERVICING RECOR® iHANGERS. ODstziled drawings 
show how to make yéwairs. Full servicing informatics. 
224 pages. ~ $3.95 
60—RAPID TV REPAIR. Alphabetical listing of hundreds 
of TV troubles—symptoms and specific information 

on repair. 224 pages. $2.3 
7O—ELECTRONIC PUZZLES AND GAMES. Build and design 
them. Dozers of projects which need no special parts 

or tools. 128 pages. $1.95 
74—-MODE’ RAD!O-CONTROL. Coders, transmitters, re- 
ceivers, power control, servos, transistors. Theory 
and construction. 192 pages. 25 95 
76——SERVICING TRANSISTOR RADIOS. Fundamentals, *’pes 
of construction, testing, st2ge-by-stage servicirg pro- 
cedures. 224 pages. $2.90 
78—RAPID RADIO RZ: AIR. Fix radios quickly and easily. 
Separate sectien. dea! with receiver types, servicing 
techniques, troubles: 224 pages. $2.90 
79—DESIGNING & BUILDING HI-FI FURNITURE. Funda- 
mentals of design, woods, tools, finishing, polishing 
and retouching, sty’irg. 224 pages. $2.50 
S3—RADIO CONTROL HANDBOOK (revised). Build-it-ac‘u- 
_ ators, servos and ragio devices to remote centrol 

- model boats, planes, vehicles. 304. pages. $4.95 
S&—HOW TO FIX TRANSISTOR RADIOS & PRINTED CIR- 
CUITS. Two volumes of theory, and service hints for 
transistor radios. 320 pages. $5.90 
§S—INDUSTRIAL ELECTRON‘°S MADE EASY. Operation, 
maintenance and application of electromechanical con- 

trol systens and transducers. 288 pages $3.95 
$52~-PRACTICAL TY TROSBLESHOOTING. Useful repair tech- 
niques. based on actual servicing experience. An easy 
guide for tough penair jovs. 128 pages. $2.35 
1G4—-BASI.: RADIO COURSE (enlarged & revised). Vacuum- 
tube and transistor theory for radio circuits in easy- 
readirg style. 224 pages. $4.10 
1G5—-RASiG TY COURSE. A practica' discussion of TV re- 
ceivers—tube aid transistor. Theory presented in a 
light, easy-to-follow siyle. 224 pages. $4.10 
107—RADIO SERVICING MADE EASY. (2 vols.) Originally a 
school coursa, sold at many times this price. Latest 
data on servicing AM, FM, Citizens Band, marine, 


transistor, communications and auto receivers. 
384 pages. $7.20 
108—-THE OSCILLOSCOPE. Master the scope. Learn latest 
uses and techniques. 224 pages. $3.65 


111--BASIC TRANSISTOR COURSE. Cescribes transistor 
characteristics, audio amplifiers, detectors, semi-con- 
ductor lattice structure, age and i.f. amplifiers, mix- 
ers, oscillators, choppers, inverters, multivibrators 
and switches. 224 pages. $3.95 
112—LEARN ELECTRONICS BY BUILDING. Easy-to-build 
projects for the experimenter. Two- ani four-transistor 
amplifiers, short-wave receiver, pocket radio, stereo 
amplifier, building crystal sets. Plus useful, practical 
information for cojistructors. 208 pages. $3.85 
113—EXEMENTS OF ELECTRON PHYSICS. Covers beginning 
of electronics, electron theory, electrical properties, 
solid-state semiconductors, tubes for electronics, 
electronic circuits. 192 pages. $3.95 
115—HORIZONTAL SWEEP SERVICING HANDBOOK. Written 
by a technician for technicians. Analysis of the 
horizontal oscillator and horizontal output. with test- 
ing information. Separate chapter on dogs and in- 
termittents. 224 pages. $4.10 


116—GETTING™ STARTED WITH TRANSISTORS. How tran- 
sistors began; learning to read electronic diagrams; 
how transistors work; amolifiers; oscillators; trarisistor 
types; diodes; phototransistors; rectifiers; transistor 
ratings; testing transistors. 150 pages. $3.95 
118—ELECTRONICS DATA HANDBOOK. A hook of facts sup- 
plying the data most needed and used by ele. ‘rcnics 
technicians and engineers. Supplies formules and 
explanations. Inciuges ac, dc, vacuum tubes and 
vacuum-tube circuits, transistors, antennas and trans- 
mission lines, measurements. Separate section on 
tables and data. 160 pages. $2.95 
119—TV SWEEP OSCILLATORS. Practically an encyclopedia 
of relaxation oscillators, julse techniques, transis- 
torized oscillators, sawtooth generators, synchroniza- 
tion, afc, multivibrators and blocxing oscillators. 
Gives full information on tv sweep failure and sweep 
servicing. 256 pages. $3.95 
120—HI-Fl TROUBLES. How you can avoid them. How you 
can cure them. Explains why we have audio troubles, 
hum and noise problems, oass and treble problems, 
distortion, stereo problems, how to get the most out 
of kit building. 160 pages. $3.95 
122—-ADVANCcU RADIOCONTRGL. Information most needed by 
radio-contro! hobbyists—pulse decoders, control prob- 
lems, frequency decoders, design of proportional con- 
trol, superregen and superhet contro! receivers, robots, 
model rocket design and construction. 192 pages. $3.50 
123—COLOR TV REPAIR. How to pinpoint the defective 
color section fast. Troubleshooting with a color bar 
generator; unexpected causes of tv color fai'ure; re- 
placing the color picture woe, servicing the chroma 
Ciruuiis; abe’s of coir tv servicing; antenszas and 
boosters; color circuits and color servicing hints. 
160 pages. $2.95 
125—THE HANDBOOK OF ELECTRONIC TABLES. Easiest 
way to solve problems in electronics. Tables supply 
answers to hundreds of possible problems. Quick— 
accurate. 160 pages. $2.95 
126—SERVICING AGC CIRCUITS. Tells exactly what agc 
circuits are, shows clearly how agc circuits work, 
pinpoints what can go wrong, demonstrates step- 
by-step how to fix circuits, spotlights where to find 
age circuits in seis acd gives special help on tv 
troubleshooting. 224 pages. $3.95 
129—NEW SKILL-BUILDING TRANSISTOR PRCJECTS AND 
EXPERIMENTS. This unusual handbook wii: help you 
discover everything about transistors by actually do- 
ing things with transistors. You'll conduct experi- 
ments, assemble your own circuits, make your own 
tests and draw your own conclusions. You get practi- 
cal projects in which you'll builc usetul pieces of 
equipment. Each project demonstrates basic principles 
and acplications of transistors. 192 pages. $2.95 
13U—BASIC OSCILLATOR HANUEODNK. All the information you 
need about oscillators in one fact-packed book. “his is 
a new and fresh approach io oscillators—how they 
work, how to design them, \ow to improve them, and 
how to overcome their limitations. 160 pages $2.95 
131~-TEST INSTRUMENTS FOR ELECTRONICS. Twenty-four 
electronics experts show you how to get the most out 
of your test equipment. New practical ideas, tech- 
niques, worksavers and shoricuts based on actual expe- 
rience in the field. Learn how to take your VOM, VTVM 
of scope and change, modify and improve it. Exciting 
projects, tips, hints and recommendations by !eading 
eictronic authors and engineers. 192 pages. $2.95 


G/L- TAB BOOKS Blue Ridge Summit, Pa. 17214 


